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Abstract 
Energy costs and environmental standards encouraged cement manufacturers worldwide to evaluate to 
what extent conventional fuels (Furnace oil, Coal and Petcock) can be replaced by alternative fuels in 
cement production, i.e. biomass or processed waste materials like sewage sludge, MSW (municipal solid 
waste), Refuse Derived Fuels (RDF), Tire Derived Fuel (TDF), Plastic Derived Fuel (PDF), Biomass 
Derived Fuels (BDF), meat and bone meal (MBM), etc.   

High temperature of >1500 C, long residence times of up to 10 seconds and high turbulence in the 
cement kiln ensure complete destruction of organic constituents in the waste materials. The main benefits 
of using solid alternative fuels in cement kilns include enhanced energy recovery and conservation of non-
renewable fossil fuels which in other words translates into an immediate reduction of greenhouse gas 
emissions related not only to conventional fuel mining and utilization but also helping the cement industry 
to clear its image of being among the most polluting and CO2 emitting industries. Most notably, a 
reduction in cement production costs is also expected.   

Varying amounts of different alternative fuels have been studied in this thesis and referred to an actual 
cement plant in Ethiopia, located in the northern province of Mekelle. The availability of alternative fuels 
in the region has been estimated. Calculations have been performed for the comparison with the reference 
case for each alternative fuel option. Possible technical challenges in the combustion process and the 
supply feed chain as well as in the resource base have been identified. The environmental benefits for the 
reference plant and the impact on cement costs have been evaluated and discussed. The results show a 
clear advantage for alternative fuel utilization, both in terms of environmental parameters and also in 
production costs for the cement plant.   
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Glossary 
 

Alkali bypass: A duct between the feed end of the kiln and the pre-heater tower through which a portion of the 

kiln exit gas stream is withdrawn and quickly cooled by air or water to avoid excessive build-up of alkali, 

chloride and/or sulfur on the raw feed. This may also be referred to as the ‘kiln exhaust gas bypass’. 

Alternative fuel and raw materials (AFR): Inputs to clinker production derived from waste streams that 

contribute energy and /or raw material. 

Alternative fuels: wastes with recoverable energy value used as fuels in a cement kiln, replacing a portion of 

conventional fossil fuels, like coal. These are sometimes termed secondary, substitute or waste-derived fuels, 

among others. 

Alternative raw materials: Wastes containing useful minerals such as calcium, silica, alumina, and iron used 

as raw materials in the kiln, replacing raw materials such as clay, shale, and limestone. Here are sometimes 

termed secondary or substitute raw materials. 

Bypass dust: Discarded dust from the bypass system dedusting unit of suspension pre heater, pre calciner and 

grate pre heater kilns, consisting of fully calcined kiln feed material. 

Calcination: in cement manufacture it involves the thermal decomposition of calcite (calcium carbonate) and 

other carbonate minerals to a metallic oxide (mainly CaO) plus carbon dioxide. 

Cement kiln Dust (CKD): The fine-grained, solid, highly alkaline material removed from cement kiln exhaust 

gas by air pollution control devices. Much of the material comprising CKD is actually un-reacted raw material, 

including raw mix at various stages of burning and particles of clinker. The term CKD is sometimes used to 

denote all dust from cement kilns, i.e. also from bypass systems. 

Cement: Finely ground inorganic material which, when mixed with water, forms a paste which sets and 

hardens by means of hydration reactions and processes and which, after hardening, retains its strength and 

stability under water. 

Clinkering: It is the thermo-chemical formation of the actual clinker minerals, especially to those reactions 

occurring above about 1300oC and the zone in the kiln where this occurs. It is also known as sintering or 

burning. 

Concrete: Building material made by mixing a cementing material (such as Portland cement) along with 

aggregate (such as sand and gravel) with sufficient water and additives to cause the cement to set and bind the 

entire mass. 

Conventional, traditional (fossil) fuels: Non-renewable carbon-based fuels traditionally used by the cement 

industry, including coal, furnace oil and pet coke. 

Co-processing: The use of waste materials in manufacturing processes for the purpose of energy and/or 

resource recovery and resultant reduction in the use of conventional fuels and /pr raw materials through 

substitution is termed as co-processing. 

Dry process: Process technology for cement production. In the dry process, the raw materials enter the cement 

kiln in a dry condition after being ground to a fine powder (raw meal) 
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Environmentally Sound Management ( ESM): Taking all practicable steps to ensure that hazardous wastes 

or other wastes are managed in a manner which will protect human health and the environment against the 

adverse  effects which may result from such wastes. 

Hazardous wastes: Wastes that belong to any category contained in Annex I to the Basel convention 

(“Categories of wastes to be controlled”), unless they do not possess any of the characteristics contained in 

Annex III to the convention (“ list of hazardous characteristics”): explosive , flammable liquids, flammable 

solids, substances or wastes liable to spontaneous combustion, substances or wastes which, in contact with 

water , emit flammable gases, oxidizing , organic peroxides, poisonous(acute),infectious substances, 

corrosives, liberation of toxic gases in contact with air or water, toxic (delayed or chronic), exotic; capable, by 

any means, after disposal, of  yielding another material, e.g. leachate which possesses any of the other 

characteristics. 

Heating (Calorific) Value: The heat per unit mass produced by complete combustion of a given substance. 

Calorific values are used to express the energy values of fuels; usually these are expressed in mega joules per 

kilogram (MJ/kg) 

Higher heating (calorific) Value (HHV): Maximum amount of energy that can be obtained from the 

combustion of a fuel, including the energy released when the steam produced during combustion is condensed. 

It is sometimes called the gross heat value. 

Hydraulic cement: Cement that sets and hardens by chemical interaction with water and that is capable doing 

so under water. 

Life Cycle Assessment (LCA): Objective process to evaluate the environmental burdens associated with a 

product, process or activity by identifying and quantifying energy and materials used and wastes released to 

the environment, to assess the impact of those energy and materials uses and releases to the environment, and 

to evaluate and implement opportunities to affect environmental improvements. The assessment includes the 

entire life cycle of the product, process or activity, encompassing extracting and processing raw materials; 

manufacturing, transportation and distribution: use, reuse and maintenance; recycling and final disposal. 

Lower Heating (Calorific) Value (LHV): The higher heating value less the latent heat of vaporization of the 

water vapor formed by the combustion of the hydrogen in the fuel. It is sometimes called the net heat value. 

Portland cement clinker: A hydraulic material which consists of at least two-thirds by mass of calcium 

silicates ((CaO) 3X SiO2 and (CaO) 2X SiO2), the remainder containing aluminum oxide (AL2O3), iron oxide 

(Fe2O3) and other oxides. 

Portland cement: Hydraulic cement produced by pulverizing Portland-cement clinker, and usually containing 

calcium sulfate. 

Pre-calciner: A kiln line apparatus usually combined with a pre heater , in which partial to almost complete 

calcination of carbonate minerals is achieved a head of the kiln itself, and which makes use of a separate heat 

source. A pre-calciner reduces fuel consumption in the kiln, and allows the kiln to be shorter, as the kiln no 

longer has to perform the full calcination function. 
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Pre heater: An apparatus used to heat the raw mix before it reaches the dry kiln itself. In modern dry kilns, the 

pre heater is commonly combined with a pre calciner. Pre heater makes use of hot exit gases from the kiln as 

their heat source. 

Pre-processing: The preparation process, or pre-processing, is needed to produce a waste stream that complies 

with the technical and administrative specifications of cement production and to guarantee that environmental 

standards are met. 

Pyroprocessing system: Includes the kiln, cooler, and fuel combustion equipment. 

Quality Assurance (QA): A system of management activities involving planning, implementation, 

assessment, and reporting to make sure that the end product (for example, environmental data) is of the type 

and quality needed to meet the needs of the user. 

Quality Control (QC): Overall system of operational techniques and activities that are used to fulfill 

requirements for quality. 

Raw mix:  The crushed, ground, proportioned, and thoroughly mixed raw material-feed to the kiln line. 

Recovery: Any operation the principal; result of which is waste serving a useful purpose by replacing other 

materials which would otherwise have been used to fulfill a particular function, or waste being prepared to 

fulfill that function, in the plant or in the wider economy. 

Rotary kiln: A kiln consisting of a gently inclined, rotating steel tube lined with refractory brick. The kiln is 

fed with raw material at its upper end and heated by flame from, mainly, the lower end, which is also the exit 

end for the product (clinker). 

Trial burn: Emissions testing performed for demonstrating compliance with the destruction and removal 

efficiency (DRE) and destruction efficiency (DE) performance standards and regulatory emission limits; is 

used as the basis for establishing allowable operating limits. 

Waste (management) hierarchy: List of waste management strategies arranged in order of preference, with 

waste prevention being the most desirable option and disposal the least preferred approach. Departing from 

such hierarchy may be necessary for specific waste streams when justified for reasons of technical feasibility, 

economic viability and environmental protection. 

Wastes: Substances or objects which are disposed of or are intended to be disposed of or are required to be 

disposed of by the provisions of national law. 
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Acronyms 
BDF:   Biomass Derived Fuel 

BFB:   Bubbling Fluidized Bed 

CDM:  Clean Development Mechanism 

CFB:   Circulating Fluidized Bed 

CKD  Cement Kiln Dust 

DE   Destruction Efficiency  

DRE   Destruction and Removal Efficiency 

EA   Environment Agency of England and Wales 

EPA   United States Environmental Protection Agency (http://www.epa.gov/) 

ESM  Environmentally Sound Management 

GTZ  Deutsche Gesellschaft für Technische Zusammenarbeit GmbH (http://www.gtz.de/) 

HAP   Hazardous Air Pollutant 

ID fan:   Induced Draft fan 

LCA   Life Cycle Assessment 

LHV:  Lower Heating Value 

MBM:  Meat and Bone Meal 

MCF:   Messebo Cement Factory 

MSW:  Municipal Solid Waste 

PAH   Polycyclic Aromatic Hydrocarbon 

PCB   Polychlorinated Biphenyl 

PCDD  Polychlorinated Dibenzo-p-Dioxin 

PCDF  Polychlorinated Dibenzo-Furan 

PEL  Permissible Exposure Limit 

PIC  Product of incomplete combustion 

POHC  Principal Organic Hazardous Constituent 

POP   Persistent Organic Pollutant 

RDF:   Refuse Derived Fuel 

TEQ   Toxic Equivalent 

THC   Total Hydrocarbon 

TLV   Threshold Limit Value 

TOC   Total Organic Compounds 

tpd:  tons per day 

USD:   US dollar 

WAP   Waste Analysis Plan 

VFB:   Vertical Fixed Bed  

VOC   Volatile Organic Compound 

XRF   X-Ray Fluorescence  
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Chapter 1 : Objective of the study 
 

General objective: The project aims to reduce greenhouse gas (GHG) emission caused by 

combustion of fossil fuels (coal, petcoke and etc) in cement plants by utilization of alternative 

fuels. Alternative fuels such as biomass are believed to be carbon neutral if managed sustainably, 

since the carbon dioxide released while burning them shall be absorbed back when the biomass 

regrows. However, fossil fuels such as coal, coke and heavy fuel oil are not renewable and are 

expected to emit huge amounts of GHG to the environment during their life cycle – mining, 

processing, transportation, combustion – due to their extensive use in cement production.   

 

Specific Objective: Currently new entrants are coming into the cement manufacturing sphere in 

Ethiopia such us Dangote Cement, Habesha Cement in addition to the existing large-scale 

cement industries such as Mugher cement, Derba Cement and National Cement. If all the above 

plants are going to run at their full capacity the supply is expected to surplus the demand which 

shall make the Ethiopian cement price competition fierce. Around 40-60% of the Messebo 

Cement Factory’s (MCF) production cost is incurred due to heat energy required for the 

pyroprocessing. One of the strategies that MCF has to follow to become competitive in the fierce 

market is to reduce its cost of production, where fuels are the major contributor. Therefore, 

utilization of alternative fuels for kiln/calciner firing partially or fully will be the ultimate 

solution. Hence, this study aims to evaluate technically and economically the substitution of 20% 

of the coal used to satisfy the heat energy requirement of the clinker pyroprocessing.  

 

Chapter 2 : Introduction to Pyroprocessing in Cement 
production 
 

Messebo Cement Factory Line-1 as a case study: Messebo Cement Factory which is located in 

the Northern part of Ethiopia, in Mekelle City at 762km distance from the capital Addis Ababa 

has two Cement Production Lines; the first line has a design capacity of 2000tpd clinker while 

the new second line has design capacity of 3000tpd clinker. This paper considers the old line 

with the design capacity of 2000tpd clinker as a case study. 
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The kiln burning system is composed of a Φ3.75x57m with inline calciner (ILC precalciner) and 

a single five stage preheater. The kiln system is designed for 2000t/day but is now running up to 

2500t/day applying some optimization. The average designed specific heat consumption of the 

system is 710-750kcal/kg clinker. After the raw meal is preheated in preheater stage cyclone 1 to 

5 and precalcined in precalciner, the CaCO3 calcination rate in the kiln inlet can reach 95%. The 

remaining 5% of the calcinations and 100% clinkerization process will be taken place inside the 

kiln. The ratio of firing oil/coal burned in the kiln for clinkerization and in the precalciner is 4:6. 

A grate cooler type is employed for cooling clinker by cooler fans. The clinker getting out of the 

cooler is commuted by the built-in hammer crusher and then carried to clinker storage by means 

of bucket (pan) conveyors. The exit gas from the cooler partly goes to the kiln as secondary air 

and partly to the calciner as tertiary air. The surplus part is emitted to the atmosphere after being 

cooled and cleaned by a scrubber and an electrostatic precipitator.  

2.1. Pre heater and Calciner System 

2.1.1.  Pre heater: 
One 5 stage string Pre heater and calciner: The system comprises 5 stages of FLS cyclones 

(single series) and ducts that connect cyclones as well as the calciner (fluidization type) between 

the 4th and 5th stages of cyclone. 

Precipitated dust that is transported from screw conveyor and the material that is extracted from 

CF-silo will both be air lifted to the top of pre heater. According to the local climate 4 stages or 5 

stages of preheating can be selectively designed. 4 stage of preheating is only selected during the 

raining season when the feed raw material has high moisture and the hot drought to the raw mill 

is insufficient. The pre heater is operating as a counter current heat exchanger with the raw meal 

passing downwards through the pre heater stages by gravity, and the gas moving upwards drawn 

by the exhaust fan. Material will enter into the duct that connects the 1st stage (W1A51) cyclone 

and the 2nd stage of cyclone (W1A52), where the material is immediately scattered by the up 

going air stream and suspended in the air. At this moment, gas temperature is higher than the 

material temperature and heat exchange between the gas and solid takes place in considerable 

speed. Material is thus preheated and the gas temperature is consequently lowered, after which 

material is brought into the 1st stage cyclone (W1A51) where gas and material are separated. 

Separated material enters into the connection duct between the 2nd stage of cyclone (W1A52) 

and the 3rd stage of cyclone (W1A53), where heat exchange takes place. Gas and the material 

from this connection duct will be lifted to 2nd stage cyclone where gas and material are separated; 
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the separated material goes to the duct between the 3rd and 4th stage cyclones and so on. Finally 

material that is separated from the 4th stage of cyclone(W1A54) will be divided into two lines 

that some material will go into the calciner(W1A56) and some will go into the riser duct between 

the kiln inlet and calciner. The material flow that is the dividing ration can be regulated by gate 

W1A57. Material that fed into the riser duct is to decrease the gas temperature and prevent the 

duct there from coating. 

Material that fed into the riser duct will be blown up into the calciner by the up going air stream. 

Fuel combustion in the calciner supplies the heat for CaCO3 decomposition. CaCO3 is 

decomposed rapidly in the calciner and then enter into the 5th stage of Cyclone (W1A55) where 

gas and solid separate. The separated material is then fed into the kiln. At this stage the raw meal 

is expected to be calcined 90-95% degree of calcinations. The rest 5-10% will be calcined in the 

kiln calcining zone. The material and gas flow can be summarized by the following figure (fig 1) 

2.1.2. Calciner: Low NOx ILC-calciner  for oil firing  
The ILC Low NOx calciner kiln system is installed. The calciner is placed in-line with the kiln 

riser duct. The calciner is divided into two parts the Low NOx part (reduction zone) and the in-

line part (combustion zone). 

 
Fig 1: Material and gas flow in the pre heater and calciner system 
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Fig 2: The calciner 

 

As mentioned above, after the 4th stage cyclone stage the raw meal is divided and part of the raw 

meal is fed to the “shoulder” of the smoke chamber, while the remaining part of the raw meal is 

fed to the bottom of the upper part of the calciner (combustion zone). 

In this way it is possible to reduce/eliminate coating formations/clogging in the riser duct and at 

the same time create reducing conditions in the bottom of the calciner giving a low emission of 

NOx with the kiln exhaust gases. (NOx created at higher temperatures in the burning zone). 

.The Low NOx calciner(reduction zone), which is the bottom part of the in-line calciner, is 

dimensioned for a gas retention time of approximately 0.2seconds , and the in-line calciner(the 

combustion zone) is dimensioned for the remaining 3.4 seconds.  

Figure 2 shows the location of the 4 calciner nozzles. Out of the total amount of fuel it is 

expected that about 55% at nominal production- is added to the calciner. The oil is added to the 

lower part of the calciner via 4 calciner nozzles, while combustion air for the calciner is drawn 

through tertiary air duct (tertiary air) and via the kiln inlet (secondary air). 

The tertiary air is added to the bottom of the upper part of the calciner (the combustion zone); the 

remaining 45% of the fuel is added to the kiln. 
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The correct relation between secondary and tertiary air for combustion is regulated by adjustable 

tertiary air damper and of course the speed/damper position of ID fan. 

2.2. Rotary kiln 
This system is comprised of the rotary kiln and its auxiliary equipment. The kiln is in 4% slope. 

With the slope and rotation of the kiln, raw meal is slowly transported towards the kiln outlet. 

Fuel combustion in the main burner supplies the heat to the material sintering. 

In the kiln, with the moving of material, heat exchange takes place with the hot gas counter 

currently during which the remaining 5% CaCO3 is continuously decomposed. Solid phase 

reactions take place among various oxides, C2S and CA, etc. are generated. When the material 

temperature is further increasing to around 1250oC, liquid phase appear in the material, which 

facilitates the combination of C2S and C and to generate C3S. Larger amounts of cement minerals 

are finally generated with the increasing of temperature. After 20 minutes retention time inside 

the kiln, the material enters the cooler.  

2.3. Cooler system  
The grate cooler is COOLAX – 1042 type 

The COOLAX cooler has two grates, i.e. a CFG (Controlled Flow Grate) and a RFT (Reduced 

Fall Through Grate) .Both grates consist of a fixed and a movable part and they are provided 

with grate plates of identical design. 

 

Grate 1(CFG grate) 

 This grate is divided into three sections two of 6 rows long , and the second with a length 

of 11 rows. The entire cooler has a width of 10 grate shoes. 

• There are about 6 cooler fans with different capacities and locations for this grate 

including the sealing air fan 

• Or it is divided into two compartments; compartment 1 is supplied by three fans while 

compartment 2 is supplied by two fans. The sealing air fan supplies sealing air for both 

compartments 

• CFG grate receives air through a closed duct system which leads the cooling air directly 

to each single grate plate through holes in the lip plates 

• The amount of air used for cooling in the 1st grate is approximately equal to the 

combustion air used in the kiln system. It is anticipated that the first 17 rows of the cooler 

is the so-called recuperation zone. 
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Grate 2(RFT grate) 

• This grate is divided into three sections two of 6 rows, the next with 13. 

• It is consisting of RFT grates. This grate is referred to as the after cooling zone. 

• In the RFT grate the cooling air is supplied to grate from undergrate compartments as in 

conventional grate coolers. 

• Three cooler fans supply the cooling air 

Clinkers with high temperature drop down on grate 1, where they are rapidly cooled. Clinker 

temperature is thus decreased and gas temperature is thus increased. Gas with temperature above 

900oC will partly go back to the kiln (secondary air) and partly enters into the tertiary air duct as 

tertiary air. Grates stroke the material forward and the cooling is proceeded, clinker temperature 

is thus decreasing. This part of gas is in lower temperature which will be emitted to the 

atmosphere as exhaust air through the EP and EP fan at kiln outlet. Cooled clinker will go into 

the crusher, where big lumps of clinkers are broken into small pieces. After which crushed 

clinkers will be transported by the apron conveyor to the clinker silo.  

Water injection unit is installed in the cooler, which will regulate the gas temperature to meet the 

working requirement of the EP at kiln outlet. 

2.4.  Drought system 
Secondary air that is introduced from the cooler will enter into the kiln to facilitate the 

combustion of the main burner. The gas is simultaneously exchanging heat with material during 

moving towards the kiln inlet and then via the riser duct enters into the calciner (W1A56) where 

the gas meets with the tertiary air from the tertiary air duct. After which gas will go through the 

5th stage of cyclone (W1A55), 4th stage of cyclone (W1A54) and so on until to the 1st stage of 

cyclone (W1A51), where heat exchange with material takes place, material is preheated and gas 

temperature is decreased as the heat is recuperated. 

Gas that comes out of the pre heater after going through the ID fan will be divided into two lines; 

it is partly induced to the raw mill for dying the material and partly goes into the conditioning 

tower where the gas temperature is decreased by the water jet cooling and the dust electric 

conductance is increased which will help to precipitate in the EP (kiln/raw mill). 

Gases coming from the raw mill and conditioning tower will join at the air mixing box, where 

the gas pressure, temperature and moisture, etc. properties are in equilibrium. And then the gases 

will enter into the EP where the dust is precipitated after which the gas will be emitted into the 

atmosphere through the kiln/raw mill EP fan. 
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2.5.  Fuel system 
Heavy Fuel Oil (Fuel) is stored in an oil tank which has 5000m3 volume. One heater is installed 

at the bottom of the tank for reducing the viscosity of the heavy oil so that the heavy fuel oil can 

easily be extracted out of the tank. 

Heavy oil is extracted out by either of the two pumps to the two oil heaters both used in parallel 

through which oil temperature is increased and oil viscosity is reduced, which will facilitate the 

atomization and combustion of oil. 

On the line between the oil pump and heaters, one oil returning line is connected to the oil tank 

on which one pressure control unit is installed for maintaining the oil pressure in the line within a 

certain range. (25bar). 

The heated oil with certain pressure (25bar) is sent to the main burner and Calciner burner 

through pipelines. Heating elements and thermal insulations are provided on the pipelines so that 

the oil to the burners can be maintained to the desired temperature and viscosity. 

Since 2009 the plant has installed coal handling, grinding and feeding system. Now the plant has 

totally shifted to petcock and coal utilization in both main and calciner burners. 

2.6.  Chemical Transformations inside the kiln 
During heating of the raw meal to the burning temperature 1450oC (clinkerization or sintering) 

certain physio-chemical processes take place. 

These include: 

• Dehydration of the argillaceous minerals; 

• decompositions of the carbonates (decarbonization or expulsion of CO2 commonly 

known as calcinations ) 

• Reactions in solid phase and reactions with the participation of one liquid phase and 

crystallizations.  

These processes are influenced by chemical factors in the raw meal (such as its chemical 

composition) and by mineralogical factors (its mineralogical composition) and by physical 

factors (fineness or particle size in the raw meal), homogeneity and other factors. The complete 

courses of these endothermic reactions play a decisive role in the quality of the resulting cement. 

The following figure shows the transformation of the raw meal which takes place during clinker 

burning arranged in order of increasing temperatures.  

In a precalciner kiln, the first five transformations shown in table 1 will take place in the pre 

heater tower. The decomposition of the limestone and other carbonates will primarily take place 
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in the calciner vessel where the calcination temperature is maintained by the injection of fuel. 

The last two transformations will predominately be taken place in the rotary kiln. 

On the gas flow side, the sequence from the firing end is as follows: 

1) Ambient air preheated by hot clinker from kiln: 20oC up to 600oC to 1100oC 

2) Fuel burns in preheated combustion air in kiln:2000oC to 2400oC 

3) Combustion gases and excess air travel along kiln, transferring heat to kiln charge and kiln 

refractory: 2400oC down to 1000oC. 

4) Preheating system for further recovery of heat from Kiln gases into the material charge in the 

kiln system-- 1000oC down to 350oC to 100oC 

5) Further heat recovery from gases for drying of raw materials or coal 

 
Table 1: Transformation reactions taking place at different stages of raw material preprocessing 

(Source: PCA, Portland Cement Association) 
Temp (oC) Process Chemical Transformation 

< 100 Drying, elimination of free water H2O(l) ----H2O(g) 

100-400 Elimination of absorbed water  

400-750 
Decomposition of clay with 

formation of metakaolinite 
2SiO2.Al2O3.2H2O -----  2(Al2O3.2SiO2) + 4H2O 

600-900 
Decomposition of metakaolinite to a 

mixture of free reactive oxides 
Al2O3.2SiO2----Al2O3 + 2SiO2 

600-1000 
Decomposition of limestone and 

formation of CS and CA 

CaCO3--CaO + CO2 

3CaO + 2SiO2+ Al2O3---2(CaO.SiO2) + CaO.Al2O3 

800-1300 

Binding of lime by CS and CA with 

formation of C2S,C3A and 

C4AF(formation of liquid phae 

>1250oC) 

CaO.SiO2 + CaO→2CaO.SiO2 

2CaO + SiO2→2CaO.SiO2     

CaO.Al2O3 + 2CaO→3CaO.Al2O3 

CaO.Al2O3 + 3CaO + Fe2O3→4CaO.Al2O3.Fe2O3 

1250-1450 
Further binding of lime by C2S to 

form C3S 
2CaO.SiO2 + CaO → 3CaO.SiO2 

1300-1240 Cooling of clinker to solidify liquid 

 
 

   

   

   

1250-100 Clinker cooled in cooler 
  

Fig. 3 further explains the processes. Belite (belita) means C2S and Alite (alita) means C3S.  
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Fig 3: A semi-quantitative representation of the changes in the minerals which takes place during 

the clinker burning and cooling processes. (Source: PCA, Portland Cement Association) 
 
 

Chapter 3 : Literature review on utilization of Alternative fuels 
for cement production 

3.1. What are Alternative Fuels? 
The term alternative fuel is not strictly defined, but in this context refers to fuels that differ from 

today’s standard or conventional fuels. This also means that the term is dynamic, what are 

today’s alternative fuels will become standard or conventional fuels in the future. Thus on 

today’s cement industry context, alternative fuels include all fuels other than Gas, Heavy oil, 

Coal and Petcock. Generally alternative fuels can be divided into two main groups: Waste fuels 

and Biofuels. 

Waste fuels are fuels derived from household waste and industrial waste and include: 

 Plastics; 

 Paper; 

 Used tires; 

 Sewage sludge; 
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 Oil sludge from refineries 

 Municipal solid waste, either raw or sorted and refined fractions such as refuse derived 

fuel (RDF) 

 Meat and Bone Meal(MBM) 

Biofuels are fuels that are derived from forestry and agricultural waste. The types are 

many and will reflect the local agriculture and forestry. Examples of biofuel include; 

 Wood chips; 

 Straw; 

 Rice husk; 

 Sesame  husk; 

 Cotton Stalk 

 Coffee husk; 

 Bio oils (e.g. Palm oil or Jatropha oil); 

 Ethanol produced from biomass (Bioethanol); 

 Chicken manure; 

 Jatropha fruit and biomass 

 Prosopis Juliflora Biomass 

 Bamboo tree biomass 

Alternative fuels could also be classified based on their physical state as Solid, Liquid, and Gas. 

Liquid; 

 Tar, chemical wastes, distillation residues, waste solvents, used oils, Wax suspensions, 

petrochemical waste, Asphalt slurry, bioethanol, paint waste, oil sludge, used paints 

Solid; 

 Paper waste, rubber residues, pulp sludge, used tires, battery cases, plastic residues, wood 

waste, domestic refuse, rice husk, cotton stalk, sesame husk, prosopis juliflora biomass, 

bamboo tree biomass, refuse derived fuel(RDF),nut shells, oil bearing soils, sewage 

sludge, Meat and Bone Meal(MBM), baggase, coconut residues(coir, husk and shell), 

packaging waste, municipal waste, Carbon anodes. 

Gas;   

 Landfill gas, pyrolysis gas. 

3.2. Why Alternative fuels? 
Alternative fuels have a three dimensional (Win-Win-Win) advantage over the conventional 

fuels in all aspects from environmental to socio-economical. 
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(a)  Society (People) 

√ A long term and sound solution for the treatment of a number of wastes produced by our 

society. 

√ In some countries, the cement industry provides a public industrial service by disposing 

of wastes (like municipal solid waste, sewage sludge etc) even those with little or no 

useful energy or mineral content. This may be done because a cement kiln provides high 

temperatures, long residence time, oxidizing atmosphere, high thermal inertia, alkaline 

environment, ash retention in clinker, continuous fuel supply and carefully controlled 

facility capable of high destruction efficiency (almost 100%). The use of waste as 

alternative fuels is technically sound as the organic part is destroyed and the inorganic 

part including heavy metal is trapped and combined in the product. 

(b) Ecology 
√ Environmentally sustainable waste management 

√ Reduction of the use of non renewable fossil fuels such as coal and hence reduction of 

GHG (CO2) emissions related with fossil fuel mining, transportation and combustion. 

√ Contribution towards lowering of emissions such as green house gases by replacing the 

use of fossil fuels with materials that would otherwise have to be incinerated with 

corresponding emissions and final residues. 

√ Recovery of energy from materials that would otherwise be disposed off by landfill or 

incineration. 

(c) Industry (Profit) 
√ Fuel costs constitute 30-40% of the total cost of producing cement in most of European 

countries and 40-60% in Ethiopia and other developing countries; so reductions in fuel 

usage (cost) means significant saving for cement plants since the cost of alternative fuels 

is generally much lower than conventional fuels. 

√ A cost effective substitution of natural resources thereby improving the competitiveness 

of the industry. 

3.2.1. Environmental benefits of using alternative fuels in cement 
production 

Cement manufacturing is an energy intensive process. Consuming energy from fossil fuels such 

as oil and coal creates carbon dioxide (CO2), the most important Green House Gas (GHG) 

causing climate change. CO2 was approximately 69% of the total emissions of green – house 

gases on a weight basis in 1990. In addition, the chemical process of making clinker produces 
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CO2. These two factors mean that the cement industry produces 5% of global man-made CO2 

emissions, of which 50% is from the chemical process, and 40% from burning fuel. The 

remainder is split between electricity and transport uses. In response to international concerns 

about climate change, governments across the world are considering and imposing taxes on 

industry energy use and GHG emissions (for example, the UK’s climate change levy). Climate 

protection, and in particular reduction of CO2 emissions, is therefore and issue which we take 

very seriously. 

Wastes are usually burned in incinerator s and the ash produced is either dispose or land filled. 

But if wastes are burned at cement kiln, the energy inside the waste is utilized (energy recovery) 

and the ash (inorganic part) also becomes part of the product (clinker)( material recovery). But in 

both cases there is CO2 emission. Here by applying LCA (life cycle approach) techniques, we are 

going to compare net CO2 emission and see net CO2 emission reduction 

A1. Introduction 

The purpose of this note is to develop scenarios describing the emissions of CO2 during the 

combustion of waste material in a cement kiln rather than in a dedicated incinerator. The 

calculations are intended as indicative, to establish broad order of magnitude of net emissions 

rather than precise emission estimates. 

Two scenarios are constructed. In Scenario 1 the waste is combusted in a dedicated incinerator, 

and the power generated is fed into the national electricity grid system. The cement kiln operates 

with conventional fossil fuel (coal). The releases of CO2 from this system comprise the 

following: 

√ CO2  from the mining and transportation of coal used at the cement kiln; 

√ CO2  from the combustion of coal at the cement kiln; 

√ CO2 from the combustion of waste in the dedicated incinerator. 

Other minor emissions are neglected since the aim is to calculate the net difference. 

In scenario 2 the waste is now transferred to the cement kiln, displacing an amount of coal in 

proportion to its heat content. Since the incinerator is no longer operational, electricity is not 

produced. In order to maintain the overall supply of electricity to the grid, the power plant has to 

generate an additional amount of electricity equivalent to that previously generated by the 

incinerator. 

The releases of CO2 from this system comprise the following: 

√ CO2 from the mining and transportation of coal used at the power plant; 

√ CO2 from the combustion of coal at the power plant 
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√ CO2 from the combustion of waste in the cement kiln. 

The scenarios are described below in detail. 

A2. Assumptions 

A summary of the assumptions and their sources is presented in Table 2. 

Table 2: Summary of data input and other information [Source: FLS manual] 
Fuel Name 
 

Heat content (GJ/t) C02 emissions Plant design  

Biofuel 16 110 kg/GJ  
Solvent waste 26 70 kg/GJ  
Coal 26 93 kg/GJ  
Coal mining  24.3 kg/MWh  
Coal transportation  0.045 kg/kg/km/t  
Incinerator efficiency   23% 
Power plant efficiency   37% 

 

A2.1 Fuel and waste types 

We assume that the conventional fossil fuel used in the cement kiln and in the power plant is coal 

with a heat content of 26 GJ/t and CO2 emission factor of 93kg CO2/GJ. 

We assume two waste types broadly representative of a biofuel made from waste materials 

(sewage sludge, refuse derived fuel (RDF), etc.) and a solvent waste derived from chemical 

wastes. For the biofuel we assume a heat content of 16 GJ/t (typical of RDF) and for the solvent 

waste we assume a heat content of 26 GJ/t, typical of the specifications for supplementary liquid 

fuels delivered to cement kilns. The CO2 emission factor for the biofuel is taken as 110kg CO2 

/GJ, between that of domestic waste (108kg CO2 /GJ) and a woody waste (112kg CO2 /GJ). The 

CO2 emission factor for the solvent waste is taken as 70 kg CO2 /GJ, assuming a lower carbon 

content (55%) relative to that of Coal (75%)  

A2.2 Displacement of coal 

When combusting waste in the cement kiln, the amount of coal displaced will be proportional to 

the heat content of the waste. Therefore 1 tone of biofuel will displace 0.2ton of coal, and 1 ton 

of solvent waste will displace 1 ton of coal. Assuming an energy consumption of 4 GJ/t of 

cement, 1 ton of biofuel will produce 4 tons of cement, while 1 ton of solvent waste will produce 

6.5 tons of cement. 

Under scenario 2, additional coal required in the power plant to supply the energy withdrawn 

from the electricity grid due to the closure of the dedicated incinerator. Assuming conversion 

efficiency at the incinerator of 23%, conversion efficiency at the power plant of 37%, and a 

conversion factor of 280 kWh per GJ of heat content, 1 ton of biofuel will produce 1030 kWh of 

electrical energy in the incinerator, equivalent to 0.39 ton of coal at the power plant. 1 ton of 
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solvent waste will produce 1674 kWh of electrical energy in the incinerator, equivalent to 0.63 

tons of coal at the power plant.  

A2.3 Mining and transportation of coal 

CO2 is released during the mining and transportation of coal. The emission factors used are 

24.3kg CO2/MWh electric from coal mining, and 0.045 kg CO2/km/t for transportation by rail. It 

is assumed that coal transportation from the mine to the cement kiln or to the power plant 

involves a round trip of 300km.  

A3. Scenario 1- burning waste in incinerators 
A3.1 Construction of scenario 1 

For scenario 1, we assume the following: 

√ 1 ton of waste is combusted in a dedicated incinerator 

√ The cement kiln uses coal as the conventional fuel 

√ Electricity from the incinerator offsets an equivalent amount of electricity produced at the 

power plant, enabling the power plant to operate at reduced load. 

Two situations are defined: 

Scenario 1(a): Burning of biofuel in dedicated incinerator   

Scenario 1(b): Burning of solvent waste in a dedicated incinerator 

The CO2 burden to atmosphere comprises the following: 

 (A) CO2 generated during the mining and transportation of coal. 

 (B) CO2 generated during burning of coal in the cement kiln. 

 (C) CO2 generated during burning of waste in the incinerator. 

 (D) CO2 generated at the power plant when the incinerator is on-line 

The total CO2 burden is therefore: 

A + B + C + D 

It is not necessary to compute the CO2 burden defined by (D). 

A3.2 CO2 generated during mining and transport of coal (A) 

 
With an emission factor of 24.3 kg CO2 /MWh electric from coal mining, 0.045 kg CO2 /km/t for 

transportation by rail and a round trip of 300 km for transportation to the kiln, the CO2 burdens 

are as follows: 

√ Scenario 1(a): CO2 emission from mining of 0.62 ton coal is 110 kg and transportation of 

0.62 ton of coal is 9kg. Total is 119kg 
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√ Scenario 1(b): CO2 emission from mining of 1 ton coal is 177 kg and transportation of 1 ton 

of coal is 13.7kg. Total is 191 kg. 

A3.3 CO2 generated during burning of coal in the cement kiln (B) 

With an emission factor of 93 kg CO2  /GJ, the CO2 burdens are as follows: 

√ Scenario 1(a): CO2 emissions from combustion of 0.62 ton coal is 1500kg 

√ Scenario 1(b): CO2 emission from combustion of 1 ton of coal is 2418 kg 

A3.4 CO2 generated during burning of waste in the incinerator(C) 

With an emission factor of 110 kg CO2 /GJ for biofuel, and 70kg CO2 /GJ for solvent waste, the 

CO2 burdens are as follows: 

√ Scenario 1(a): CO2 emissions from combustion of 1 ton of biofuel are 1760kg 

√ Scenario 1(b): CO2 emissions from combustion of 1 ton of solvent waste are 1820kg 

A3.5 Total CO2 burden 

The total CO2 burden from scenario 1 is (A+B+C+D) kg 

√ Scenario 1(a) = 119 + 1500 + 1760 + D = (3379 + D) kg 

√ Scenario 1(b) = 191 + 2418 + 1820 + D = (4429 + D) kg 

A4. Scenario 2- burning waste in cement kilns 

A4.1 Construction of scenario 2 

For scenario 2, we assume the following: 

√  Waste is combusted in the cement kiln, displacing a (thermal) equivalent of coal. 

√ The incinerator does not function. An equivalent amount of energy is produced in the 

power plant by mining, transportation and combustion of coal. 

Two situations are defined: 

Scenario 2(a): Burning of biofuel in the cement kiln 

Scenario 2(b): Burning of solvent waste in the cement kiln 

The CO2 burden to atmosphere comprises the following 

 (D) CO2 released when the power plant is operating as in scenario 1 

 (E) CO2 generated during burning of additional coal in power plant 

 (F) CO2 generated during mining  and transportation of additional coal 

 (G) CO2 generated during burning of waste in the cement kiln. 

The total CO2 burden for scenario 2 is therefore: D+E+F+G 

A4.2 Additional CO2 at the power plant (E) 

√ Scenario 2(a): 1 ton of biofuel will generate 1030kwh electrical energy, equal to 0.39 ton 

coal at the power plant, giving an additional CO2 burden of 943 kg at the power plant. 
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√ Scenario 2(b): 1 ton of solvent waste will generate 1674 kWh electrical energy, equal to 0.63 

ton coal at the power plant, giving an additional CO2 burden of 1523 kg at the power plant. 

A4.3 Additional CO2 emissions from coal use at power plant (F) 

√ For scenario 2(a), 1 ton of biofuel is equivalent to 0.39 ton coal. CO2 emission from mining is 

69 kg and from transportation is 5.3kg. Total CO2 emission is 75 kg. 

√ For scenario 2(b), 1 ton of solvent waste is equivalent to 0.63 ton coal. A CO2 emission from 

mining is 110kg and from transportation is 9kg. A total CO2 emission is 119kg. 

A4.4 CO2 emissions from burning waste in the cement kiln (G) 

These emissions are identical to CO2 generated during the combustion of the waste in the 

dedicated incinerator. 

√ Scenario 2(a): CO2 burden due to combustion of 1 ton of biofuel in the cement kiln is 1760kg 

√ Scenario 2(b): CO2 burden due to combustion of 1 ton of solvent waste in the cement kiln is 

1820kg. 

A4.5 Total CO2 burden 

The total CO2 burden from scenario 2 is (D+E+F+G) kg 

√ Scenario 2(a) = D + 943 + 75 + 1760 = (2778 + D) kg 

√ Scenario 2(b) = D + 1523 + 119 + 1820 = (3462 + D) kg 

A5. Net CO2 burden 
The net CO2 burden of the two scenarios is obtained by subtracting the total burden of scenario 2 

from the burden of scenario 1. The benefit (reduction) in CO2 emissions from burning waste in 

cement kilns as opposed to dedicated incinerators is summarized in table 3 below. 

 
Table 3: Summary of CO2 emissions from burning 1 tons of waste in a dedicated incinerator or in a 
cement kiln [Source: FLS manual] 

 

 
BIOFUEL (16GJ/t) SOLVENT WASTE (26GJ/t) 

Incineration in dedicated incinerator 3379 + D kg CO2 4429 + D kg CO2 

Combustion in cement kiln 2778 + D kg CO2 3262 + D kg CO2 

Net benefit due to combustion in cement kiln 601 kg CO2 /ton waste 967 kg CO2 /ton of waste  

 

A6. Benefits of burning waste in cement kilns 

Therefore, burning of waste in a cement kiln results in the following benefits: 

1) Substitution of coal, a non-renewable resource, with waste, and unwanted material that will 

require safe treatment and/or disposal. Saving are made through resource conservation and 

associated CO2 emissions. 
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2) Making more efficient use of the intrinsic energy of the waste material. Specialist waste 

incinerators are very inefficient converters of the heat content of wastes, whereas a cement 

kiln approaches 100% efficiency. 

3) Provision of combustion capacity for incinerable wastes in existing thermal plants which are 

environmentally safe and secure, obviating the need for dedicated, specialist combustion 

capacity to be constructed. 

4) A net decrease in the quantity of CO2 released, relative to a scenario in which waste is 

combusted in a dedicated incinerator, thereby reducing the environmental impact of the 

greenhouse effect during the combustion of wastes. 

 
Fig 4: Projected CO2 emissions from the global cement industry through 2050 

3.3. Co-processing of Hazardous waste in the cement industry 
Co-processing in resource-intensive industries (RII) involves the use of waste materials in 

manufacturing processes for the purpose of energy and/or resource recovery and resultant 

reduction in the use of conventional fuels and/or raw materials through substitution. In particular, 

the co processing of waste material in cement kiln, the subject of these guidelines, allows the 

recovery of the energy or mineral value from waste materials, while cement is being produced. 

Co- processing is a sustainable development concept based on the principles of industrial 

ecology (Mutz et al., 2007; Karstensen, 2009a), a discipline that focuses on the potential role of 

industry in reducing environmental burdens throughout the product life-cycle. One of the most 

important goals of industrial ecology is to make one industry’s waste another’s raw material 



 

- 27 - 
 

(OECD, 2000). Within the cement industry, the use of wastes as fuel and /or raw materials is an 

example of this type of exchange. 

In co-processing, wastes serve a useful purpose in replacing part of the material which would 

have had to be used for fuel and /or raw materials, thereby conserving natural resources; as such, 

under the Basel Convention Co-processing constitutes an operation “which may lead to resource 

recovery, recycling, reclamation, direct reuse or alternative uses” under R1 (“use as a fuel or 

other means to generate energy” and / or R5 (“recycling/reclamation of other inorganic 

materials”) 

The Basel convention places obligations on countries that are parties to ensure environmentally 

sound management (ESM) of hazardous and other wastes. In this regard, the guiding principle 

broadly accepted for securing a more sustainable waste management system is the waste 

hierarchy of management practices which places wastes prevention (avoidance) and recovery in 

a preeminent position relative to disposal. Where waste avoidance is not possible, reuse, 

recycling and recovery becomes, in many cases, a preferable alternative to final disposal. To this 

end, co processing in cement kilns provides an environmentally sound resource recovery option 

for the management of wastes, preferable to land filling and incineration. 

 Although the practice varies among individual plants, cement manufacture can consume 

significant quantities of wastes as fuel and non-fuel raw material. This consumption reflects the 

process characteristics in clinker kilns that ensure the complete breakdown of the raw materials 

into their component oxides and the recombination of the oxides into the clinker minerals. The 

essential process characteristics for the use of waste can be summarized as follows (European 

IPPC Bureau, 2009): 

 Maximum gas temperature  of approximately 2000oC (main firing system, flame 

temperature) in rotary kilns; 

 Gas retention times of about 8 seconds at temperatures above 1200oC in rotary kiln; 

 Material temperatures of about 1450oC in the sintering zone of rotary kiln; 

 Oxidizing gas atmosphere in rotary kiln; 

 Gas retention time in the secondary firing system of more than 2 seconds at temperatures 

above 850oC; in the precalciner, the retention times are correspondingly longer and 

temperatures are higher; 

 Solid temperature of 850oC in the secondary firing system and/or the calciner; 

 Uniform burnout conditions for load fluctuations due to the high temperatures at 

sufficiently long retention times; 
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 Destruction of organic pollutants due to  the high temperatures at sufficiently long 

retention times; 

 Sorption of gaseous components like HF, HCL, and SO2 on alkaline reactants; 

 High retention capacity for particle – bound heavy metals; 

 Short retention times of exhaust gases in the temperature range known to lead to 

formation of PCDDs/PCDFs; 

 Complete utilization of fuel ashes as clinker components and hence, simultaneous 

material recycling and energy recovery; 

 Product specific wastes are not generated due to a complete material utilization into the 

clinker matrix( although some cement plants dispose of CKD or by pass dust); 

 Chemical-mineralogical incorporation of non-volatile heavy metals into the clinker 

matrix. 

The amount of fossil fuel demand that is displaced depends, among other factors, on the calorific 

value and water content of the alternative fuel. 

Additionally, the fuel substitutes may have lower carbon contents (on a mass basis) than fossil 

fuels and alternative raw materials such as slags or fly ash, which do not require significantly 

more heat (and hence fuel) to process, may contribute part of the CaO needed to make clinker 

from a source other than CaCO3. Therefore, another direct benefit of waste co-processing is a 

potential reduction in CO2 emissions from cement manufacturing. Moreover, through integrating 

cement kilns within an overall waste management strategy, co-processing may offer a potential 

to reduce net global CO2 emission relative to a scenario in which waste is combusted in an 

incinerator without energy recovery (EA, 1999b; Cembureau, 2009). 

 

The use of alternative materials to replace traditional raw materials also reduces the exploitation 

of natural resources and the environmental footprint of such activities (WBCSD, 2005; 

Cembureau, 2009). 

 

In addition to the aforementioned direct advantages of using waste materials for cement 

manufacturing ,there are cost savings derived from the utilization of pre-existing kiln 

infrastructure to co-process waste that cannot be minimized or otherwise recycled, thus avoiding 

the need to invest in purpose –built incinerators or landfill facilities (GTZ/Holcim,2006;Murray 

and Price,2008). Furthermore, unlike the dedicated waste incinerators, when waste materials are 
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co-processed in cement kilns, ash residues are incorporated into the clinker, so there are no end 

products that require further management. 

The above notwithstanding, co-processing of hazardous waste in cement kilns should only be 

performed if the kiln operates according to the best available techniques, and if certain 

requirements with respect to input control, process control and emission control are met (as 

described in later sections of these guidelines). Moreover, an appropriate national legal and 

regulatory framework within which hazardous waste management activities can be planned and 

safely carried out should be in place to ensure that the waste is properly handled from the point 

of generation until its disposal, through the operations of segregation, collection, storage, and 

transportation. 

3.3.1. Key Aspects in Co-processing of Hazardous Waste in Cement Kilns 

3.3.1.1.  Principles of Waste Co-processing in the Cement Industry 
Waste co-processing in cement manufacturing, when carried out in a safe and sound manner , is 

recognized for far-reaching environmental benefits (Cembureau, 1999a;2009), however these 

may be outweighed by poor planning if, for instance, it results in increased pollutant emissions 

or fails to give priority to a more desirable waste management practice (in terms of the overall 

environmental  outcome). A set of general principles were developed by GTZ GmbH and 

Holcim Group Support Ltd. to help avoid the latter scenarios (GTZ/Holcim, 2006). These 

principles (Table 4) provide a comprehensive yet concise summary of the key considerations for 

co-processing project planners and stake holders. 
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Table 4: General principles for co-processing of wastes in cement kilns (Source: GTZ/Holcim, 2006) 
 

Principle Description 

The waste management 
hierarchy should be respected 
(See fig 6) 

– Waste should be co-processed in cement kilns only if there 
are not more ecologically and economically better ways of 
recovery. 
– Co-processing should be considered an integrated part of 

waste management 
–  Co-processing should be in line with the Basel and 

Stockholm conventions and other relevant international 
environmental agreements. 

Additional emissions and 
negative impacts on human 
health must be avoided. 

–  Negative effects of pollution on the environment and 
human health must be prevented or kept at a minimum. 

–  Air emission from cement kilns co-processing waste 
cannot be statistically higher than those not co-
processing waste. 

The quality of the cement must 
remain unchanged 

–  The product (clinker, cement, concrete) must not be used 
as a sink for heavy metals. 

– The product must not have any negative impact on the 
environment( for example, as determined by leaching 
tests) 

– The quality of the product must allow for end-of-life 
recovery  

Companies that co-process 
must be qualified 

– Assure compliance with all laws and regulations 
– Have good environmental and safety compliance records 
– Have personnel, processes, and systems in place 

committed to protecting the environment, health and 
safety. 

– Be capable of controlling inputs to the production 
process 

– Maintain good relations with public and other actors in 
local, national and international waste management 
schemes. 

 
Implementation of co-
processing must consider 
national circumstances  

– Country specific requirements and needs must be 
reflected in regulations and procedures 

– A stepwise implementation allows for the build-up of 
required capacity and the set-up of institutional 
arrangements 

– Introduction of co-processing goes along with the change 
processes in the waste management sector of a country. 
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Fig 5: Waste hierarchy [Source:  FLS manual] 

 
 
General requirements for Co-processing of hazardous wastes in cement kilns 

 

1. An approved environmental impact assessment (EIA) and all necessary national/local permits 

2. Compliance with all relevant national and local regulations; 

3. Compliance with the Basel and Stockholm conventions; 

4. Approved location, technical infrastructure and processing equipment 

5. Reliable and Adequate power supply 

6. Adequate air pollution control devices and continuous emission monitoring ensuring compliance with 

regulation and permits; needs to be verified through regular baseline monitoring 

7. Exit gas conditioning/cooling and low temperatures(<2000oc) in the air pollution control device to prevent 

dioxin formation; 
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8. Clear management and organizational structure with unambiguous responsibilities, reporting lines and 

feedback mechanism; 

9. An error reporting system for employees: 

10. Qualified and skilled employees to manage hazardous wastes and health, safety and environmental issues; 

11. Adequate emergency and safety equipment and procedures, and regular training 

12. Authorized and licensed collection, transport and handling of hazardous wastes; 

13. Safe and sound receiving ,storage, preparation and feeding of hazardous waste acceptance and feeding 

control 

14. Adequate laboratory facilities and equipment for hazardous waste acceptance and feeding control 

15. Demonstration of hazardous waste  destruction performance through test burns; 

16. Adequate record keeping of hazardous wastes and emissions; 

17. Adequate product quality control routines; 

18. An environmental management and continuous improvement system certified according to ISO 

14001,EMAS or similar; 

19. Regular independent audits, emission monitoring and reporting; 

20. Regular stake holder dialogues with local community and authorities and for responding to comments and 

complaints. 

21. Open disclosure of performance reports on a regular basis. 

Source:  Karstensen (2009a) 

3.3.1.2.  Considerations for Selection of Wastes 
 The strict quality controls for cement products and the nature of the manufacturing process 

meant that only carefully selected waste is suitable for use in co-processing (WBCSD,2005). 

Moreover, change in technology and consumer behavior mean that co-processing may not 

always be the most cost-effective or environmentally preferred way of using a waste steam. Such 

decisions may need to be re-evaluated over time. 

When deciding on the suitability of a waste stream for co-processing, besides taking into 

consideration the chemical composition of the final product (cement) and determining whether 

the use of waste will result in damage to the environment or public health and safety, it needs to 

be ascertained that cost –effective higher-order uses of the material, according to the waste 

management hierarchy, are not available. Life Cycle Assessment (LCA) is a tool that may assist 

the decision making process by comparing different waste management scenarios. 

As a basic rule, waste accepted as an alternative fuel and/or raw material should give an added 

value for the cement kiln in terms of the heating value of the organic part and/or the material 

value of the mineral part. As the operating characteristics of cement plants are variable, the 

precise composition of the wastes will be dependent upon each plant’s ability to handle any 
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particular waste stream. Even so, wastes with a low heating value and very high heavy metal 

content will generally not be suitable for co-processing in a cement kiln. The use of cement kilns 

a disposal operation not leading to resource recovery, should only be considered as a means to 

solve a local waste management problem if there are no other adequate treatment facilities in the 

country and if such undertaking does not negatively impact the environment, public health, or 

product quality. 

 

Due to the heterogeneous nature of waste, blending and mixing of different waste streams may 

be required to guarantee a homogenous feedstock that meets specifications for use in a cement 

kiln. However, blending of hazardous waste should not be conducted with the aim to lower the 

concentration of hazardous constituents in order to circumvent regulatory requirements. As a 

general principle, the mixing of wastes must be prevented from leading to the application of an 

unsuitable (non-environmentally sound) disposal operation (European IPPC Bureau, 2006) 

3.3.1.3. Hazardous wastes suitable for co-processing in cement kilns  
A wide range of wastes are amenable to co-processing; however, because cement kiln emissions 

are site-specific; the decision on what type of waste can be finally used in a certain plant cannot 

be answered uniformly. The selection of wastes is influenced by many factors other than the 

nature of the waste itself. Consideration needs to be given to kiln operation; raw material and 

fuel composition; waste feed points; gas-cleaning process; resulting clinker quality; general 

environmental impacts; probability of formation and release of persistent organic pollutants 

(POPs); particular waste management problems; regulatory compliance; and public and 

government acceptance( Van Oss and Padovani,2003:GTZ/Holcim,2006;UNEP,2007;European 

IPPC Bureau,2009) 

The operator should develop a waste evaluation procedure to asses’ potential impacts on the 

health and safety of workers and the public, plant emissions, operations and product quality. 

Some of the variables that should be considered when selecting waste materials include the 

following (WBCSD, 2005; UNEP, 2007): 

 
 (a) Kiln operation 

 Sulphur and /or Chloride content: Excessive inputs of alkalis, sulphur and/or chlorides 

may lead to’ build –up’ and blockages in the kiln system. Where these compounds cannot 

be further captured in the cement clinker or kiln dust, a bypass may be required to 
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remove excess alkali, chloride and sulphur compounds from pre heater /precalciner kiln 

systems. In addition, high alkali content may limit recycling of CKD to the operation. 

 Heating (Calorific) vale:  The heating value is the key parameter for the energy provided 

to the process. 

Calorific value (or specific energy) is one of the most widely employed parameters used 

in classification schemes. The maximum theoretical amount of energy available from fuel 

is calculated from the calorific value and consequently the calorific value is used to 

determine the quality of alternative fuel required in the process. 

The amount of mineral (ash) and water (moisture) contents in the alternative fuel 

influences the calorific value, thus a high ash and moisture content decreases the calorific 

value. However, calorific value is not directly related to the combustibility and reactivity 

of the fuel. Calorific value can be expressed in two ways as Gross calorific value and net 

calorific value. 

 Water(moisture) content: 

Knowledge of the moisture content of the alternative fuel has gives a clue on the 

economic value of the fuel, since moisture is incombustible. Excessive moisture in the 

waste (alternative fuel) can hinder ignition and high moisture content reduces the flame 

temperature, slowing the rate of combustion, increasing the burnout time and resulting in 

a longer flame envelope and an increased risk of flame instability. 

Generally, alternative fuels with low moisture content are preferred.. 

 Volatile Matter 

The volatile matter yield is an important property in combustion reactions, providing a 

rough indication of the reactivity or combustibility of the fuel. Important steps in 

combustion are the devolatilization, ignition and burning of the volatiles. Volatile matter 

also influences the length of a flame. Yields of volatiles are heavily dependent of the 

combustion process conditions, such as the final temperature reached, heated rate, 

particle size and pressure. 

 Ash content 

When a fuel sample is burned, the pure carbon and any organic constituents will burn 

completely and form water, CO2, SO2, and NO2 (if present).The residual amount of ash 

depends on the content of mineral matter in the sample. Ash is thus residue left after 

combustion and its formation is influenced mainly by the chemical compositions, 

thermal properties and mode of occurrence of the mineral matter in the fuel. Ash differs 
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in both mass and composition from the mineral matter from which it was formed. It 

influences the reactivity of fuel, lowering the calorific value and delaying ignition. The 

ash content affects the chemical composition of the cement and may require an 

adjustment of the composition of the raw mix. 

 .Exhaust gas flow rate and waste feed rate, to ensure sufficient residence times for 

destruction of organics and to prevent incomplete combustion due to waste over 

charging. 

 Stability of Operation (for example, duration and frequency of CO trips), and the state 

(liquid, solid), preparation (shredded, milled) and homogeneity of the waste. 

In summary: 

To be able to use any of these fuels in a cement factory, it is necessary to know the composition 

of the fuel. The choice is normally based on price and availability. The energy and ash contents 

are also important, as are the moisture and volatiles contents. All kinds of varieties from liquid to 

solids, powdered or as big lumps can be encountered when dealing with alternative fuels, 

requiring a flexible fuel feeding system 

In Table 5 several fuels of interest to the cement industry and their properties are listed 

Table 5: Properties of fuels of interest to cement industry 

 

 
BITUMINOUS 

COAL 
PET 
COKE 

MEAT 
& 
BONE 
MEAL 

SEWAGE 
SLUDGE 

CAR 
TYRE 
RUBBER 

COAL 
PETCOKE 
MIX 

C (%-wt,dry) 66.6 89.5 42.1 42.9 87.0 75.1 
H (%-wt,dry) 3.99 3.08 5.83 9.0 7.82 4.20 
N (%-wt,dry) 1.07 1.71 7.52 1.84 0.33 1.7 
S (%-wt,dry) 1.22 4.00 0.38 0.12 0.8 3.0 
O (%-wt,dry) 8.85 1.11 15.3 27.2 1.81 4.9 
Ash (%-wt,dry) 18.4 0.5 28.3 17.9 2.20 11.1 
Volatiles %-

 

28.3 10.0 64.5 85.0 66.6 20.0 
C-fixed (%-wt) 47.9 89.5 7.2 5.00 31.1 69.2 
H2O (%-wt) 2.35 1.5 8.09 5.20 0.73 1.3 
LHV (MJ/Kg) 25.3 33.7 16.2 15.8 35.6 29.71 
HHV (MJ/Kg) 26.2 

   
37.3 28.97 

 
(b) Emissions: 
– Sulphur content: sulphur bearing waste may result in the release of sulphur oxides 

– Organic content: organic constituents may result in emissions of CO2, CO and other 

products of incomplete combustion (PICs) 

– Chloride content: These may combine with alkalis to form fine particulate matter composed 

of chlorides of those alkalis, which can be difficult to control; in some cases, chlorides have 
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combined with ammonia present in the limestone feed to produce highly visible detached 

plumes of fine particulate composed mainly of ammonium chloride. 

– Metals content: The non-volatile behavior of the majority of heavy metals means that, most 

pass straight through the kiln system and leave as a constituent of the clinker. Volatile metals 

introduced into the kiln will be in part internally recycled by evaporation and condensation 

process, if not emitted in the exhaust gas of the kiln, and build-up within the kiln system until 

equilibrium is reached and maintained. Thallium, mercury and their compounds are easily 

volatilized and to a lesser extent so are cadmium, lead selenium and their compounds. Dust 

control devices can only capture the particle-bound fraction of heavy metals, which needs to 

be taken into account when wastes containing volatile metals are co-processed. Wood treated 

with copper, chromium, arsenic etc. also requires special consideration with regard to the 

efficiency of the exhaust gas cleaning system. Mercury is a highly volatile metal that is 

difficult to capture in air pollution control equipment, so the amount of mercury in the total 

waste feed to kilns should be limited. 

– Alkali bypass exhaust gas: at facilities equipped with an alkali bypass, the alkali bypass 

gases can be released either from a separate exhaust stack or from the main kiln stack. The 

pollutants in this gas stream are similar to those in the main kiln exhaust gases and similar 

pollution abatement equipment and monitoring is required. 

(c) Clinker, cement and final product quality  

– Phosphate content: phosphate retard setting time. 

– Fluorine content: Elevated levels of fluorine affect setting time and strength development 

– Chlorine, sulphur, and alkali content:  These affect overall product quality. 

– Thallium and chromium content: These affect cement quality and may cause allergic 

reactions in sensitive users.  

– Leachable trace element: Under stagnant water conditions, leaching rates of aluminum from 

cementitious  materials can exceed drinking water limits (Van der Sloot et al, 2008) 

Generally, only sorted waste with a known composition and known energy and/or mineral value 

is suitable for co-processing in cement kiln. Moreover, plant-specific health and safety concerns 

need to be addressed as well as due consideration given to the waste management hierarchy (as a 

general principle). Consequently, the following wastes are normally not recommended for co-

processing in cement kiln: Radioactive waste, Electric and electronic waste (e-waste), Whole 

batteries, Corrosive waste, Reactive waste (including explosive waste, cyanide bearing waste and 
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water-reactive waste), Mercury waste and Waste of unknown or unpredictable composition, 

including unsorted municipal waste.  

Individual facilities may exclude other wastes outside the above list depending on local 

circumstances. For instance lack of regulations and enforcement governing health care waste 

management particularly segregation at the source, will likely cause some facilities to not accept 

this type of waste based on health and safety concerns, although process conditions in cement 

kilns would be appropriate to dispose of infectious wastes. 

3.3.1.4. Waste recovery and final disposal in cement kilns 
 Selected waste stream with recoverable energy value can be used as fuels in a cement kiln, 

replacing a portion of conventional fuels, if they meet specifications. Similarly, selected waste 

streams containing useful minerals such as calcium, silica, alumina, and iron can be used as raw 

materials in the kiln, replacing raw materials such as clay, shale and limestone. Some wastes will 

meet both of these requirements and will be suitable for processing for energy recovery and for 

material recovery or as an ingredient. 

 

To distinguish between operations that lead to resource recovery and those that do not, specific 

criteria may need to be developed to evaluate the contribution of the waste to the production 

process. The general decision making process is outlined in Figure 7. To this respect, some 

approaches have been proposed that consider, for example, either the higher or the lower heating 

value of the waste to asses its energy value, and the materials chemical composition (ash, CaO or 

CaCO3, SiO2, Al2O3, Fe2O3, SO3, and /or water) to assess its mineral value (Zeevalkink, 1997; 

Koppejan and Zeevalkink, 2002; GTZ/Holcim, 2006). An example is provided in annex 1. 

 

Although wastes with little or no energy or mineral value should be considered for co-

processing, the high temperatures, long residence times, and oxidizing conditions provided by 

cement kiln, make it possible, at the request of national or local governments, for the kiln to be 

used for the disposal of particularly problematic waste streams such as obsolete pesticide stocks. 

However, this is an activity that is outside the scope of co-processing, and needs to be assessed 

on a case-by-case basis as well as agreed upon jointly by regulatory authorities and operators. 
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Fig 6: Waste acceptance decision process (Source: GTZ/HOLCIM, 2006) 
 

WWaassttee  DDeessttrruuccttiioonn  

 
Does the waste meet the 
facilities waste acceptance 
criteria? 

 
Does the waste comply with (a) 
and (b) simultaneously? 

(a) Is waste able to sustain 
combustion at the prevailing 
process conditions in the kiln 
without the addition of of 
supplemental fuel? 

 
(b)Does the waste consist 
primarily of CaO (or CaCO3 
,SiO2, Al2O3,, Fe2O3  and/or 
SO3? 

 
Is there a local waste disposal 
problem to be solved? 
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3.3.1.5. Feed Selection Points 
Many cement kiln co-process waste commercially (that is, they accept waste from off-site 

generators), in most cases for use as a fuel substitute in the production of cement clinker. Liquid 

wastes are typically injected into the hot end of the kiln. Solid wastes may be introduced into the 

calcining zone at some facilities. For long kilns, this means that the solid waste is introduced mid 

kiln, and for pre heater/ precalciner kiln that it is introduced onto the feed shelf in the high 

temperature section. 

In the case of hazardous wastes, complete destruction of combustible toxic compounds such as 

halogenated organic substance has to be ensured through proper temperature and residence time. 

In general, waste should be fed through either the main burner or the secondary burner for pre 

heater /precalciner kilns. In the main burner conditions will always be favorable. For the 

secondary burner it should be ensured that the combustion zone temperature is maintained over 

850oC for sufficient residence time (two seconds). See figures 7 & 8. 

 
Fig 7: Graph of temperature profile and typical residence times, stages of a clinker kiln with 

cyclonic pre-heater and pre-calciner (Fabrellas et al,2004) 

 
If hazardous waste with a content of more than 1% of halogenated organic substances (expressed 

as chlorine) is fed to the kiln, the temperature should be maintained at 1100oC for at least two seconds. 
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Adequate feed points should be selected according to the physical, chemical, and (if relevant) 

toxicological characteristics of the waste material used (see Fig 9). Different feed points can be 

used to introduce waste materials into the cement production process. The most common ones 

being: 
 

 Via the main burner at the rotary kiln outlet end: 

 Via a feed chute at the transition chamber at the rotary kiln inlet end(for lump fuel); 

 Via secondary burners to the riser duct; 

 Via precalciner burner to the precalciner; 

 Via a feed chute to the precalciner (for lump fuel); and 

 Via a mid kiln valve in the case of long wet and dry kilns (for lump fuel). 

 

 
  

Fig 8: Possible waste feed points 
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3.4. Co-processing of Biofuels (Biomass derived fuels) in Cement Industry 
As mentioned in the previous chapters, Biofuels are fuels that are derived from forestry and 

agricultural waste. Biofuels do have the following advantage 

√ Are CO2 neutral and will cause higher CO2 emission reduction than conventional and/or 

waste fuels. 

√ Are easy to handle and cheaper than waste fuels 

√ Are available, sustainable and renewable energy sources. 

The points raised under 3.3 for waste fuels are to be considered in bio fuels too accordingly. 

To be able to use any of the bio fuels in a cement factory it is necessary to know the composition 

of the fuel. The choice is normally based on price and availability. The energy and ash contents 

are also important, as are the moisture and volatile contents. All kinds of varieties from liquid to 

solids, powdered or as big lumps can be encountered when dealing with alternative (bio fuel) 

fuels, requiring a flexible fuel feeding system like what is discussed for waste fuels. 

 

Chapter 4 : Availability, technical evaluation and preparation 
of Alternative fuels 
 

4.1. Municipal Solid Waste (MSW) from Mekelle City. 

 
Fig 9: Municipal Solid wastes  

4.1.1. Introduction 
Mekelle is the capital city of the Regional state of Tigray, located at a distance of 783km from 

the nation’s capital, Addis Ababa. The population of the city is 207,308 (2004GC). The city is 
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administratively divided into three Municipal service areas and 10 ”Tabias”. From time to time, 

municipal solid waste generation rate is increasing as the economy is increasing by double digit. 

The existing waste management is not sound and the efficiency of waste Collection lies between 

34-60%. Due to this the public dump its primary collected wastes into illegal sites 

indiscriminately. The streets and open fields in those areas are covered and filled with 

commingled solid waste and storm water drains are blocked by the garbage primarily collected 

by the residents. Therefore: 

1. The city municipality has to give some awareness to residents about how to manage the 

wastes (i.e. to separate the organic wastes from the non organic, i.e. to say Plastics, paper, 

bone, rubber and so on should be separated from the organic wastes like food wastes. 

2. The primary collection job should be outsourced to private or Micro and small 

enterprises. Which could collect (the already separated organic part from the non organic) 

and do some separations job if the job is not done by the residents. 

3. Private sectors or Micro and small enterprises should be helped by the city administration 

to have their own farm so that they can change the organic waste part into Compost and 

apply to their farms and give the Refuse to Messebo Cement Factory for free/or some sort 

of incentive by the Municipality or Messebo Cement Factory. 

Messebo Cement Factory is also located in the vicinity of the city just 7km away from the City 

center which makes the transport cost of municipal solid waste very low. 

4.1.2. Availability of MSW in Mekelle 
A. Sources of Waste Generation: 

Virtually, solid wastes can be classified into different classes based on either their origin 

(sources) or on the nature of their components. On the basis of the nature of the items that 

constitute the solid wastes (composition), solid wastes can be classified into organic or inorganic, 

combustible or non-combustible. While according to the sources from which they emanate, (the 

types of) solid wastes are usually classified as domestic (household), commercial, industrial, 

institutional, street sweepings, and construction and demolition wastes. But sometimes scholars 

classify solid wastes based on their origin into three general classes: municipal (which includes 

domestic waste, street side waste, commercial waste, market waste, and hospital waste), 

industrial, and agricultural and animal wastes (Edelman, 1997).  

 

According to the system of classification of Rushbrook in 1999, and International City Manager 

Association in 1957, residential (also termed "domestic" or "household") solid wastes refer to the 
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wide variety of wastes produced by residents in houses and apartments. These include the wastes 

that are produced from household activities (such as food preparation and consumption, 

sweeping, cleaning, fuel burning, and garden wastes), and used items like old clothing, old 

furnishings, abandoned equipments, packaging, newsprint, etc. This class of wastes, in the lower-

income countries is dominated largely by food and ash wastes, though plastic packaging is 

increasing, while in middle- and higher -income countries, items like paper, plastic, metal, glass 

and discarded manufacture items constitute the highest proportion. 

 

Moreover, household/residential solid wastes consists of the highest proportion of municipal 

solid wastes- for instance about 75% in developing countries (UNCHS, n.d.:3).  Commercial 

wastes refer to wastes from shops, restaurants, hotels, and similar commercial establishments. 

Industrial wastes are wastes produced by industries. Since large proportion of industrial wastes 

arises from chemical operations and uses, they are usually termed as "hazardous" industrial 

wastes" or "special wastes".  

Institutional waste include solid wastes produced in different types of establishments such as 

offices, schools, hospitals and other health care institutions, military bases, and religious 

buildings. Street sweepings are almost always dominated by dust and soil together with varying 

amounts of paper, metal, leaf and similar litter that is picked up of the streets. 

Construction and demolition waste, though its composition depends largely on the types of 

building materials used in a particular city, includes items like soil, stone, brick, wood, clay, 

reinforced concrete and ceramic materials. Still some other scholars and experts may classify 

solid wastes in different ways into different classes. But traditionally, and of course more 

functionally municipal solid wastes can be classified as seen in the following Table6.  

 
Table 6: Sources of Waste in Mekelle City 

Residential 81% 
Commercial 6% 
Institutional 10% 
Street Sweeping 3% 

 
 

Considering population growth of Mekelle in the coming years the Refuse Derived Fuel 

generation of Mekelle City from its Municpality has been calculated and projected in Table 7 

below. 
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N.B. Refuse means waste from municipal solid waste after separating the organic part for 

compost preparation. Refuse wastes are like Paper, plastic, Rubber, Garment, textile, Bones and 

Leather. 
 

Table 7: Mekelle’s Municipal solid waste, Refuse generation rate (ton/day) (Source: Recalculated 
from Promise Consult, 2006) 

 

  

2005 Daily Refuse 
Generation                                       
(ton/day) 

2010 Daily Refuse 
Generation                                       
(ton/day) 

2015 Daily Refuse 
Generation                                       
(ton/day) 

RESI COMM INST Sub 
Total RESI COMM INST Sub 

Total RESI COMM INST Sub 
Total 

Paper 2.97 0.19 1.26 4.42 4.93 0.23 1.61 6.77 6.61 0.28 2.02 8.91 

Plastic 3.46 0.25 0 3.71 5.76 0.31 0 6.07 7.72 0.37 0 8.09 

Rubber 0.8 0.03 0 0.83 1.34 0.04 0 1.38 1.79 0.05 0 1.84 

Garment & Textile 3.17 0.49 0 3.66 5.26 0.6 0 5.86 7.06 0.73 0 7.79 

Bones 0.25 0 0 0.25 0.42 0 0 0.42 0.56 0 0 0.56 

Leather 0.74 0.09 0 0.83 1.23 0.11 0 1.34 1.65 0.14 0 1.79 

Sub Total 11.39 1.05 1.26 13.7 18.94 1.29 1.61 21.84 25.39 1.57 2.02 28.98 

Total 13.7   21.84   28.98   

 
RESI = Residential Source 
COMM = Commercial Source 
INST = Institutional Source 
 
From the above table, refuse generation in 2010 is approximated to be 21.84ton/day. Heat 
requirement of Messebo’s pyroprocessing is around  
  

=780
kerkgClin

kcal *2350*1000
day

KgClin ker =1833000000
day
Kcal  

The calorific value of RDF is 4060
KgRDF

Kcal  which means, the heat we can get from the available 

RDF is equal to =4060
KgRDF

Kcal *21.84*1000
day

KgRDF =88670400
day
Kcal  

RDF’s Heat requirement Coverage in 2010 will be = 
1833000000

88670400  = 4.83%, 

This ratio increases from year to year, for instance in 2015 it will reach 6.4%   
 

4.1.3. Preparation and Technical evaluation of MSW as an Alternative Fuel 
A. Preparation of RDF from MSW 

Nowadays different companies are encouraged to recover wastes by means of recycling and the 

use of waste as source of energy. 
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Modern wastes to energy (WTE) plants are very different from the old incinerators thanks to the 

technological progress of the last decades. They have two priorities: Respect for the environment 

and the efficient utilization of the fuel for pyroprocessing in cement kiln/calciner or in electricity 

generation. 

An important improvement can be achieved converting Municipal Solid Waste (MSW) into a 

real fuel that can be easily stored, transported and efficiently burned. From the combustible 

fraction of MSW, it is easy to obtain a product that is much homogenous and stable than MSW. 

This material is known as Refuse Derived Fuel (RDF) and is a mixture of particles of paper, 

paperboard, rubber, plastic, textile, leather and wood. RDF has a good heating value ranging 

from 15000kj/kg to 20,000kj/kg (3582kcal/kg to 4779kcal/kg), a controlled chemical 

composition and no smell. 

The RDF production is accompanied by the separation of humid organic fraction of MSW, and 

also of metal and glass. The organic fraction is composted. It becomes an inert product that is 

less than 50% of the original organic material thanks to the water evaporation. From source 

separated food wastes, mixed with yard trimmings, it is possible to produce a compost of very 

good quality. When the curbside recycling of glass, metal and organics is active, it is practically 

easy to convert the remaining waste constituted by combustible materials into RDF. 

 Typically, the production of a combustible fraction (i.e., fuel) from mixed municipal solid waste 

(MSW) and its thermal conversion requires two basic and distinct subsystems -- namely, the 

“front-end” and the “back-end”. The combustible fraction recovered from mixed MSW has been 

given the name “refuse-derived fuel”, or simply “RDF”. The composition of the recovered 

combustible fraction is a mixture that has higher concentrations of combustible materials (e.g., 

paper and plastics) than those present in the parent mixed MSW. Thus, the rationale for 

recovering a prepared fuel from mixed MSW is that the recovered fuel fraction is of higher 

quality than is raw (i.e., unprocessed) MSW itself.  

The principal function of the front-end (“pre-processing”) subsystem is to accept solid waste 

directly from the collection vehicle and to separate the solid waste into two fractions -- namely, 

combustible and non-combustible. The front-end separation produces the “feedstock” for several 

types of back-end recovery (or conversion) systems, among which are included thermal and 

biological systems.  

The main components (i.e., unit operations) of a front-end subsystem are usually any 

combination of size reduction, screening, magnetic separation, and density separation (e.g., air 

classification). The types and configurations of unit operations selected for the front-end design 
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depend on the types of secondary materials that will be recovered and on the desired quality of 

the recovered fuel fraction. The fuel quality must be specified by the designer or supplier of the 

thermal conversion system.  

Typically, systems that recover a combustible fraction from mixed MSW utilize size reduction, 

screening, and magnetic separation. Some designs and facilities have used screening, followed 

by size reduction (e.g., pre-trommel screening), as the fundamental foundation of the system 

design, while others have reversed the order of these two operations. A number of considerations 

enter into the determination and the selection of the optimum order of screening and size 

reduction for a given application. Among others, the considerations include composition of the 

waste. Other unit operations may also be included in the system design, including manual 

sorting, magnetic separation, air classification, and pelletization (i.e., densification), as the need 

dictates for recovery of other materials (e.g., aluminum, etc.) and for achieving the desired 

specification of the solid fuel product. 

 

 
 

Fig 10: Recyclable materials Recovery and RDF preparation process flow diagram.(Source: Lomellina Waste 
to Energy Plant) 
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Fig 11: Recyclable materials recovery and RDF preparation process flow diagram.   
 (Source: Lomellina Waste to Energy Plant) 

 

There are different turnkey companies that can provide the preparation as well as the feeding 

process machineries of RDF to cement plant. For example let’s see one company, with its detail 

process description (N.B. different companies’ follow different process lay out although the 

principle they use is almost similar). SRF in this case means RDF. 

The process typically involves a large feeder which puts raw material into the 

TYRANNOSAURUS® and the material is shredded into an 80 mm particle size. 

TYRANNOSAURUS® 9900 series shredders are in fact the world’s largest waste reducers and 

are fully protected against unshreddable metals by the patented MIPS™ Security System 

(Massive Impact Protection System). Ferrous metals are separated from the shredded material by 

magnets, while eddy current separators separate the non-ferrous metals. In some cases, the very 

fine fraction is screened out from the fuel to further improve the fuel quality. 
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The most important separator is the TYRANNOSAURUS® Air-classifier. This competently 

eliminates all materials that are unsuitable for suspended combustion. These include rest metals, 

glass, minerals and other inert materials, as well as wet organic materials and hard plastics 

containing PVC. 

Finally, the light fraction is further shredded down to approximately 25 mm particle size in the 

TYRANNOSAURUS® Fine Shredder and at this point the fuel is ready for use. The end product 

is a standardized high-quality SRF fuel consisting of predominantly PE plastic foils, paper, 

cardboard and textiles. The fuel is clean from both a mechanical and chemical perspective. The 

entire TYRANNOSAURUS® process is virtually unmanned during operation. 

 

 
  

Fig 12: Process flow of SRF (RDF), preparation and feeding 
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B. Technical Evaluation of RDF from MSW 
 
Ultimate analysis, Proximate analysis and Calorific value of RDF. 
 
Calorific Value 
 
As mentioned in the previous sections, the net calorific value (LHV) of RDF is in the range of 

(15MJ/Kg to 20MJ/Kg). (3582kcal/kg to 4779kcal/kg), compared to Coal around 27000kJ/kg 

(6450kcal/kg). Based on Annex 1 on the minimum Calorific value requirement to select 

alternative fuel for energy is 8 MJ/kg. But practically this is very difficult at this time specially to 

use for cement pyroprocessing. Therefore different companies set minimum standard as per the 

actual technology they use. For our purpose, we are going to use Lafarge cement’s specification. 

Thus, if the calorific value is >=14MJ/kg weekly average it is safe and good to be accepted as an 

alternative fuel. Therefore in this regard RDF satisfies the mentioned minimum requirement. 

 
Comparison of combustion air requirement and flue gas (RDF with Conventional Fuels) 

Let us see the sample chemical analysis of Conventional fuels and RDF. 
 

Table 8: Chemical analysis of Conventional fuels, RDF 
 

Analysis RDF COAL PETCOKE FURNACE 
OIL 

MBM 

Calorific value 17 27.2 33.7 41  
Proximate analysis (wt %)      

Volatile matter 67.5 25.9 10   
Fixed Carbon 10.2 55.5 89.5   

Ash 15 10.2 0.5 0.04  
Moisture 7.3 8.4 1.5 0.3  

Ultimate Analysis      
Carbon 55.5 83.5 90 85.4  

Hydrogen 7.37 5.4 3.10 11.4  
Oxygen 36.2 8.4 1.116 0  
Nitrogen 0.6 1.7 1.72 0.4  

Sulfur 0.3 1 4.02 2.8  
 
Having the data above, theoretical and real combustion air and flue gas calculations are tabulated 
using excel spread sheet below. 
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Table 9: COMBUSTION TABLE FOR RDF     
                  Fuel:   RDF   

Molar weight       Analysis Oxygen                  Flue gases   (mol/kg)     

Cont  g/mol  g/kg  mol/kg mol/kg   H2O CO2 N2 SO2 O2 
C 12.01 431.24 35.91 35.91     35.91       
H2 2.02 57.26 28.35 14.17   28.35         
O2 32.00 281.43 8.79 -8.79             
N2 28.01 4.70 0.17         0.17     
S 32.06 2.35 0.07 0.07         0.073   

Ash       ---- 150.00                 
Water 18.02 73.00 4.05     4.05         

                      
  Sum: 999.98 Sum O2: 41.36   32.40 35.91 0.17 0.07   
                      

Nitrogen in air 3.77 * O2   155.92       155.92     
            Sum dry air                 lot 197.28             
            Total theoretical air need               lo 197.28             
            Theoretical gas amount          go 224.47   32.40 35.91 156.09 0.07   
            Theoretical dry gas              got 192.07             
                      
     m= 1.200             

Nitrogen due to air in excess 31.18       31.18     
Oxygen due to air in excess 8.27           8.27 

Water in air excess                     
Total air need                     l 236.74             
Total dry air                   lt               

Total gas                   g 263.93   32.40 35.91 187.28 0.07 8.27 
Total dry gas                  gt 231.53             

                      

Conclusion     (m3
n means normal cubic meter at 0°C and 1,013 bar)        

      mol/kg m3
n/kg         mol/kg m3

n/kg 
Theoretic dry air         lot       Theoretic dry gas             got     
Theoretical air         lo 197.28 4.42   Theoretical gas             go 224.47 5.03 

Real dry air         lt       Real dry gas             gt     
Real total air          l 236.74 5.30   Real total gas             g 263.93 5.91 
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Table 10: COMBUSTION TABLE FOR COAL     
                  Fuel:   COAL   

Molar weight       Analysis Oxygen                  Flue gases   (mol/kg)     

Cont  g/mol  g/kg  mol/kg mol/kg   H2O CO2 N2 SO2 O2 
C 12.01 679.69 56.59 56.59     56.59       
H2 2.02 43.96 21.76 10.88   21.76         
O2 32.00 68.38 2.14 -2.14             
N2 28.01 13.84 0.49         0.49     
S 32.06 8.14 0.25 0.25         0.254   

Ash       ---- 102.00                 
Water 18.02 84.00 4.66     4.66         

                      
  Sum: 1000.00 Sum O2: 65.59   26.42 56.59 0.49 0.25   
                      

       Nitrogen in air 3.77 * O2   247.28       247.28     
  Sum dry air                 lot 312.87             
    Total theoretical air need                           lo 312.87             

             Theoretical gas amount          go 331.04   26.42 56.59 247.77 0.25   
             Theoretical dry gas              got 304.62             
                      
     m= 1.200             

Nitrogen due to air in excess 49.46       49.46     
Oxygen due to air in excess 13.12           13.12 

Total air need                     l 375.44             
          Total dry air                   lt               
          Total gas                   g 393.62   26.42 56.59 297.23 0.25 13.12 

Total dry gas                  gt 367.19             
                      
Conclusion     (m3

n means normal cubic meter at 0°C and 1,013 bar)        
      mol/kg m3

n/kg         mol/kg m3
n/kg 

       Theoretic dry air         lot       Theoretic dry gas             got     
       Theoretical air         lo 312.87 7.01   Theoretical gas             go 331.04 7.42 
        Real dry air         lt       Real dry gas             gt     
        Real total air          l 375.44 8.41   Real total gas             g 393.62 8.82 
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Table 11: COMBUSTION TABLE FOR PETCOKE     
                  Fuel:   PETCOKE   

Molar weight       Analysis Oxygen                  Flue gases   (mol/kg)     

Cont  g/mol  g/kg  mol/kg mol/kg   H2O CO2 N2 SO2 O2 
C 12.01 881.58 73.40 73.40     73.40       
H2 2.02 30.34 15.02 7.51   15.02         
O2 32.00 10.93 0.34 -0.34             
N2 28.01 16.84 0.60         0.60     
S 32.06 39.40 1.23 1.23         1.229   

Ash       ---- 4.93                 
Water 18.02 15.00 0.83     0.83         

                      
  Sum: 999.02 Sum O2: 81.80   15.85 73.40 0.60 1.23   
                      

Nitrogen in air 3.77 * O2   308.39       308.39     
Sum dry air                 lot 390.19             

              Total theoretical air need                           lo 390.19             
Theoretical gas amount          go 399.47   15.85 73.40 308.99 1.23   

Theoretical dry gas              got 383.62             
                      
     m= 1.200             

Nitrogen due to air in excess 61.68       61.68     
Oxygen due to air in excess 16.36           16.36 

Total air need                     l 468.22             
Total dry air                   lt               

Total gas                   g 477.51   15.85 73.40 370.66 1.23 16.36 
Total dry gas                  gt 461.66             

                      
Conclusion     (m3

n means normal cubic meter at 0°C and 1,013 bar)        
      mol/kg m3

n/kg         mol/kg m3
n/kg 

Theoretic dry air         lot       Theoretic dry gas             got     
Theoretical air         lo 390.19 8.74   Theoretical gas             go 399.47 8.95 

Real dry air         lt       Real dry gas             gt     
Real total air          l 468.22 10.49   Real total gas             g 477.51 10.70 
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Table 12: COMBUSTION TABLE FOR FURNACE OIL     
                  Fuel:   FURNACE OIL    

Molar weight       Analysis Oxygen                  Flue gases   (mol/kg)     

Cont  g/mol  g/kg  mol/kg mol/kg   H2O CO2 N2 SO2 O2 
C 12.01 851.10 70.87 70.87     70.87       
H2 2.02 113.61 56.24 28.12   56.24         
O2 32.00 0.00 0.00 0.00             
N2 28.01 3.99 0.14         0.14     
S 32.06 27.90 0.87 0.87         0.870   

Ash       ---- 0.40                 
Water 18.02 3.00 0.17     0.17         

                      
  Sum: 1000.00 Sum O2: 99.86   56.41 70.87 0.14 0.87   
                      

Nitrogen in air 3.77 * O2   376.46       376.46     
Sum dry air                 lot 476.32             

              Total theoretical air need                           lo 476.32             
Theoretical gas amount          go 504.75   56.41 70.87 376.61 0.87   

Theoretical dry gas              got 448.34             
                      
     m= 1.200             

Nitrogen due to air in excess 75.29       75.29     
Oxygen due to air in excess 19.97           19.97 

Total air need                     l 571.59             
Total dry air                   lt               

Total gas                   g 600.02   56.41 70.87 451.90 0.87 19.97 
Total dry gas                  gt 543.61             

                      
Conclusion     (m3

n means normal cubic meter at 0°C and 1,013 bar)        
      mol/kg m3

n/kg         mol/kg m3
n/kg 

Theoretic dry air         lot       Theoretic dry gas             got     
Theoretical air         lo 476.32 10.67   Theoretical gas             go 504.75 11.31 

Real dry air         lt       Real dry gas             gt     
Real total air          l 571.59 12.80   Real total gas             g 600.02 13.44 
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The above tables are summarized as follows:  
 

Table 13: Summary of combustion table results of RDF, Coal, Pet coke, Furnace oil  
 RDF COAL PETCOKE FURNACE OIL 

Calorific 
Value(MJ/Kg) 
 

17 27.2 33.7 41 

  Nm3/kg Nm3/MJ Nm3/kg Nm3/MJ Nm3/kg Nm3/MJ Nm3/kg Nm3/MJ 
Theoretical air 4.42 0.26 7.01 0.26 8.74 0.26 10.67 0.26 
Real total air 5.3 0.31 8.41 0.31 10.49 0.31 12.8 0.31 
Theoretical 
gas 

5.03 0.30 7.42 0.27 8.95 0.27 11.31 0.28 

Real total gas 5.91 0.35 8.82 0.32 10.7 0.32 13.44 0.33 

 
As can be seen in the table, the real total gas released (Nm3/kg) in the case of RDF is small 

(5.91Nm3/kg) than 8.82, 10.7and 13.44 of Coal, Petcock and furnace oil respectively due to high 

oxygen composition in RDF. But when we look at the total real combustion gas released 

(Nm3/MJ), RDF’s amount ranks the highest (0.35Nm3/MJ) than 0.32, 0.32, 0.33 of Coal, 

Petcock and Furnace oil respectively due to higher mass flow rates to compensate their being 

low calorific value fuel. Therefore here either ID fan capacity has to be increased, or sort of 

modification in the calciner is needed (the former one is better to do). 

 

Effect of RDF on Emission 
From the point of view of composition, it is important to consider the presence of nitrogen, 

sulphur, and chlorine in substitute fuel in comparison with the reference concentrations of fossil 

fuels. The nitrogen is responsible for the formation of nitrogen oxides. Low values in RDF (0.3–

0.6% in comparison with 1.5–2% in fossil fuels) can lead to lower formation of these harmful 

products. 

In general, the formation of NOX is related to the amount of nitrogen in the fuel, the temperatures 

in the kiln, the residence times, and the types of burners. It is difficult to forecast and model all 

of these aspects together, but it can be accepted that there will be a lower concentration in the 

off-gases when RDF is used. 

The concentration of sulphur in substitute fuels is generally much lower than the reference value 

in conventional fossil fuels (0.1–0.2% in RDF, 3–5% in fossil fuels). Therefore, any problems 

regarding precipitation or clogging can be excluded, although issues of alkali sequestration and 

transfer in the clinker must be verified. On the contrary, an increase in chlorine (0.3–0.5% in 

RDF, very low values less than 0.1% in coke) can lead to some problems arising from reactions 
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between alkali and chlorine, the volatilization of chlorides and recycling with dust, and the 

necessity to operate a bypass (extraction of part of the flue-gas) in order to limit the chlorides in 

the final clinker (Kurdowski, 1983). There are reliable indications that the high temperature of 

bypassed gases causes an increase in heat consumption. Each percentage of bypassed gases 

requires approximately 20–25 kJ/kg of clinker, compared to a total consumption of 3000–3500 

kJ/kg in the cement kiln. As the indicated order of magnitude is 5–15%, this aspect can 

contribute significantly to the total heat requirement of the system.. 

A final important aspect for the proposed substitution of secondary fuels is the low density of 

this material in comparison with conventional fuels. Taking into account the transport and 

storage costs, the cost of substituted fuels per unit of heat produced is higher than the cost of 

coke or coal. Hence care should be taken on sourcing ,here in Ethiopia, the labor cost is cheap 

and the MSW is just some 4-5km away from Messebo Cement Factory which could make the 

transport cost cheap. 

As per the data reported by the European Commission, The CO2 emissions data appear 

particularly significant, indicating that this is the most important contribution of the system with 

respect to the Kyoto parameters. The use of RDF in cement manufacturing kilns seems to be 

positive, as the combustion of RDF allows for a reduction of about 1.61 kg of CO2 per kg of 

utilized RDF compared to conventional combustible materials (coal). This is due to the chemical 

composition of the combustible material.  

As previously mentioned, the cement industry claims that burning RDF instead of coal or pet 

coke yields advantages for parameters like NOX and SOX due to the different elemental 

composition of the fuels and the different burning conditions. The benefit derived from the use of 

RDF has been quantified by the European Commission (2003) as 0.36 kg NOX/t of burned RDF. 

It should be noted that these results take into consideration the different steps in the use of the 

fuels from production to utilization.    
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Fig 13: Effect of RDF and other solid wastes on emission  

 
 

Impact of RDF on clinker quality 

As long as certain fuel quality criteria are fulfilled and the process is not disturbed in any way, 

the quality of the clinker is not impacted. 
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What might influence the clinker is the composition of the fuel ash, since the ash becomes part of 

the clinker. Apart from mercury, cadmium and thallium, heavy metals are almost entirely 

captured in the clinker. Hence, the input of some elements, such as zinc and lead, should not 

exceed certain limits not to affect the cement quality (i.e. the setting time of concrete). 

The presence of heavy metals in secondary fuels can lead to a transfer in the produced clinker. 

There are some indications in the literature about this transfer, which must be compared with the 

avoided transfer from fossil fuels. As the presence of different metals is not the same in different 

fuels, the level of contamination of the clinker can increase or decrease after fuel substitution. 

For example, cadmium clinker enrichment is strongly dependent on secondary fuels. Arsenic, on 

the other hand, is chiefly present and transferred from conventional coal.  

The possibility of the transfer of these metals to the environment during use (leaching) or during 

the recycling or reuse of concrete residuals has been considered. Some experimental results 

indicate limited possibilities for transfer due to the phenomena of crystallization during concrete 

preparation and cement aging and of the pH of the microenvironment. Consequently, the transfer 

of heavy metals from secondary fuels is not critical. 

The ash does contain inorganic oxides and hence, the raw meal should be composed in view of 

the ash chemistry to avoid negative impacts on the product quality. 

This dependence on fuel ash chemistry means that there is also a link between feeding stability 

and clinker quality: If the feeding of alternative fuels for some reason is suddenly stopped, the 

clinker chemistry will change, since in most cases there will not be enough time to adjust the raw 

meal composition accordingly. The sudden thermal energy deficiency thereby induced will of 

course also impact the quality. Hence, a stable and robust feeding system is a prerequisite for 

stable clinker chemistry. (We shall see it in the separate chapter). 
 

Key Benefits of using RDF as an alternative fuel. 

√ Help the cement plant to be cost competitive nationally as well as internationally. 

√ Conserve natural resources by cutting the use of fossil fuels. 

√ Recover energy from a waste in a safe and effective way. 

√ Reduce society’s waste problem by decreasing the amount of waste sent to land fill. 

√ Reduce emissions of the green house gas carbon dioxide. 
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4.2. Meat and Bone Meal (MBM)  

 
Fig 14: Meat and Bone Meal  

4.2.1. Introduction  
MBM is well established as a fuel for cement kilns and has been used for many years in cement 

plants in most developed countries and in some developing countries. An exhaustive amount of 

monitoring has taken place under the close scrutiny of the regulatory authorities, which clearly 

demonstrates a positive environmental benefit and no adverse health effects.  

MBM is a dark-brown, dry, powdered material produced by the rendering industry as it 

processes the meat products from butchers, supermarkets and abattoirs that don’t end up on 

consumers’ plates. It is a non-hazardous material which is sterilized at high temperature during 

the rendering process.  

In addition to MBM, the rendering process also produces fats, called tallow, which are 

commonly used as fuel and to make candles and soap.  

A small amount of MBM are used as an ingredient in pet food and in fertilizer but it is mainly 

used as a fuel to generate electricity and also heat source for cement manufacture. However, a 

significant amount of the MBM produced is currently disposed of in landfill sites. So using 

MBM in cement making not only means a reduction in the use of fossil fuels but also helps 

society find an environmentally beneficial alternative to dumping materials in landfill sites.  
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The extremely high kiln temperatures of up to 2000oC, long combustion times and excess air in 

the cement kiln ensure complete combustion of the MBM so there will be no black smoke or 

odor associated with burning MBM and emissions will stay within the existing tight limits.  

There will also be no process waste produced as a result of using MBM because the ash forms a 

useful part of the cement clinker, in the same way as ash from conventional fuels.  

A particular benefit of using MBM is that it results in a net reduction in emissions of the 

greenhouse gas carbon dioxide because MBM is a renewable biomass fuel which in addition is 

recognized in many countries as  ‘carbon neutral’. Its use at Messebo Cement Factory will 

therefore support Ethiopia’s efforts to combat climate change and get carbon credit such as 

CDM. (Clean Development Mechanism) 

4.2.2. Availability of MBM in Mekelle 
A) Sources of MBM: 

Here in Mekelle the sources for the raw material of Meat and Bone Meal (MBM) are Abergele 

Export Slaughter house, Mekelle’s Abattoir, Supermarket wastes, dead animals. 

But in Mekelle’s context, the last two wastes are incorporated in the municipal solid wastes, 

there is no clear data or study about Mekelle’s Abattoir’s generation of MBM input raw 

materials. Therefore here we will consider Abergele Export Slaughter house as our MBM source. 

On average a cattle(oxen) weighs 350kg, out of this 30% is meat and 35%bone and the rest 35% 

others like blood, intestines etc. 

On average, the plant has a capacity of slaughtering 242 cattles per day (8 working hours a day). 

Therefore the available bone would be = .35*350
cattle

kg *242
day

cattle  =29645
day
kg = 29.6

day
ton  

 

Other than the bone, there are other meat wastes that could be processed to be MBM. Besides 

other wastes from the abattoirs and city died animals are also candidates for MBM processing. 

Therefore let’s take Abbergele’s bone as a minimum amount of source. 
 

Heat requirement of messebo’s pyroprocessing as calculated above is around: 

 =780
kerkgClin

kcal *2350*1000
day

KgClin ker  = 1,833,000,000
day
Kcal  
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LHV of MBM is on average around 3870
kgMBM

Kcal . Which means, the heat we can get from the 

available MBM is equal to =3870
KgMBM

Kcal *29.6*1000
day

KgMBM =114,552,000
day
Kcal  

 

MBM’s Heat requirement coverage currently (working 8 hours a day) will be  

 = 
1833000000
114552000  = 6.2%, 

This ratio will be even higher when the plant starts working 24 hours = 18% 
 

4.2.3. Preparation and Technical evaluation of MBM as an Alternative Fuel 
A. Preparation of MBM from Slaughter house waste 

Rendering is a process that converts waste animal tissue into stable, value-added materials.  

Rendering is a process of both physical and chemical transformation using a variety of 

equipment and processes. All of the rendering processes involve the application of heat, the 

extraction of moisture, and the separation of fat. The methods to accomplish this are 

schematically illustrated in Figure (Hamilton, 2004).  

The temperature and length of time of the cooking process are critical and are the primary 

determinant of the quality of the finished product. The processes vary according to the raw 

material composition. All rendering system technologies include the collection and sanitary 

transport of raw material to a facility where it is ground into a consistent particle size and 

conveyed to a cooking vessel, either continuous-flow or batch configuration. Cooking is 

generally accomplished with steam at temperatures of 240º to 290ºF (approximately 115º to 

145ºC) for 40 to 90 minutes depending upon the type of system and materials. Regardless of the 

type of cooking, the melted fat is separated from the protein and bone solids and a large portion 

of the moisture is removed. Most importantly, cooking inactivates bacteria, viruses, protozoa, 

and parasites. Alternative methods of raw material disposal such as burial, composting, or 

landfill applications do not routinely achieve inactivation of microorganisms. 

Fat is separated from the cooked material via a screw press within a closed vessel. Following the 

cooking and fat separation, the “cracklings” or “crax,” which includes protein, minerals, and 

some residual fat, are then further processed by additional moisture removal and grinding, then 

transferred for storage or shipment as MBM.  
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Fig 15: Process flow diagram for MBM production 

 
 
B. Technical Evaluation of MBM 

 
Ultimate analysis, Proximate analysis and Calorific value of MBM  

The net calorific value (LHV) of MBM is on average 16.2MJ/Kg or 3869Kcal/kg, compared to 

Coal around 27MJ/kg(6450kcal/kg). As mentioned above we will use Lafarge cement’s 

specification for net calorific value requirement. I.e. if the calorific value should be >=14MJ/Kg 

weekly average it is safe and good to be accepted as an alternative fuel. Therefore in this regard 

MBM satisfies the mentioned minimum requirement. 

 
 
 
 

Raw Materials 

Sizing Heat Processing 
(Time*Temperature) 

Press Protein (MBM) 

Grinding 

Fat Clean 
 MBM storage 
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Table 14: COMBUSTION TABLE FOR MBM   
      Fuel:  MBM  

Molar weight Analysis Oxygen  Flue gases   (mol/kg)   

Cont g/mol g/kg mol/kg mol/kg  H2O CO2 N2 SO2 O2 
C 12.01 386.94 32.22 32.22   32.22    
H2 2.02 53.58 26.53 13.26  26.53     
O2 32.00 140.62 4.39 -4.39       
N2 28.01 69.12 2.47     2.47   
S 32.06 3.49 0.11 0.11     0.109  

Ash ---- 260.11         
Water 18.02 80.90 4.49   4.49     

           
 Sum: 994.76 Sum O2: 41.20  31.02 32.22 2.47 0.11  
           

Nitrogen in air 3.77 * O2  155.31    155.31   
Sum dry air  lot 196.50       
Total theoretical air need lo 196.50       
Theoretical gas amount go 221.12  31.02 32.22 157.78 0.11  

Theoretical dry gas got 190.10       
           

CO2odry=   m= 1.200       
Nitrogen due to air in excess 31.06    31.06   
Oxygen due to air in excess 8.24      8.24 

Water in air excess           
Total air need  l 235.81       
Total dry air  lt        

Total gas  g 260.42  31.02 32.22 188.84 0.11 8.24 
Total dry gas  gt 229.40       
           

Conclusion   (m3
n means normal cubic meter at 0°C and 1,013 bar)   

   mol/kg m3
n/kg     mol/kg m3

n/kg 
Theoretic dry air lot    Theoretic dry gas  got   
Theoretical air lo 196.50 4.40  Theoretical gas  go 221.12 4.95 

Real dry air lt    Real dry gas  gt   
Real total air l 235.81 5.28  Real total gas  g 260.42 5.83 
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Table 15: Summary of combustion table result of RDF, Coal, Pet coke, Furnace oil and MBM  
  RDF COAL PETCOKE FURNANCE OIL MBM 
Calorific Value (MJ/Kg) 17 27.2 33.7 41 16.2 
  Nm3/kg Nm3/MJ Nm3/kg Nm3/MJ Nm3/kg Nm3/MJ Nm3/kg Nm3/MJ Nm3/kg Nm3/MJ 
Theoretical air 4.42 0.26 7.01 0.26 8.74 0.26 10.67 0.26 4.4 0.27 
Real total air 5.3 0.31 8.41 0.31 10.49 0.31 11.67 0.28 5.28 0.33 
Theoretical gas 5.03 0.30 7.42 0.27 8.95 0.27 12.67 0.31 4.95 0.31 
Real total gas 5.91 0.35 8.82 0.32 10.7 0.32 13.67 0.33 5.83 0.36 

 
Similar to other solid alternative fuels as can be seen in the table, the real total gas released 

(Nm3/kg) in the case of MBM is small (5.83Nm3/kg) than 8.82, 10.7and 13.44 of Coal, furnace oil 

and Petcock respectively due to high oxygen composition in MBM. But when we look at the total 

real combustion gas released (Nm3/MJ), MBM’s amount ranks the highest (0.36Nm3/MJ) than 

0.32, 0.32, 0.33 of Coal, Furnace oil and  Petcock respectively due to higher mass flow rates to 

compensate their being low calorific value fuel. Therefore here either ID fan capacity has to be 

increased, or sort of modification in the calciner is needed (the former one is better to do). 
 

Key Benefits of using MBM as an alternative fuel. 

√ Help the cement plant to be cost competitive nationally as well as internationally. 

√ Conserve natural resources by cutting the use of fossil fuels. 

√ Recover energy from a waste in a safe and effective way. 

√ Reduce society’s waste problem by decreasing the amount of waste sent to land fill. 

√ Reduce emissions of the greenhouse gas carbon dioxide. 
 

4.3. Biomass 
4.3.1. Background 

Agricultural and agro-industrial residues constitute 15% of the total energy consumed in Ethiopia. 

Residues are mostly used in the domestic sector for cooking and baking, using very low efficiency 

devices. Residue supply is seasonal and residue use as fuel is also seasonal.  

In different parts of the country, various types of crops are cultivated and, as a result, a considerable 

volume of crop residues is also produced. Generally, for use as fuel, crops with a higher residue-to-

seed ratio provide the largest volume of potential biomass. However, it is often not desirable, 

socially and environmentally acceptable or, indeed, economically viable to divert all types of 

biomass residue for fuel.  

Agricultural residues have different uses. Residues from wheat and maize, for example, may be left 

on the ground or burned in the field to recycle soil nutrients; some parts are used as animal feed, as 
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building materials and as cooking fuel. The fraction that is available for fuel, both for direct use or 

further processing, is therefore limited and varies from crop to crop.  

In the small (subsistence) scale farming context, residues are generally better used for ecological, 

agricultural or construction purposes than for fuel. However, in large commercial farms and in 

agro-industries a large proportion of the residue available cannot be used on-site due to limited 

demand in the immediate vicinity. As a consequence, residue tends to be disposed of wastefully.  

Crop and agro-industrial residues have low bulk and energy density, and for these reasons cannot be 

transported far from production sites without some form of processing. Residues from large 

commercial farms and agro-industries can be converted to relatively high-quality and high-energy 

density fuels for use in the domestic, commercial and industrial sectors through a number of 

physical, biological and thermo-chemical conversion processes.  

Cement factories can potentially use alternative fuels, including biomass and biomass residues, to 

heat their kilns. The substitution of fossil fuel by biomass and biomass residues qualifies, in 

principle, for CDM carbon crediting.  
 

4.3.2. Sources of Biomass 
4.3.2.1. Coffee Husk 

Coffee is a major commodity export-earner for Ethiopia, accounting for 61% (by value) of the 

country’s annual commodity exports. It is estimated that the total area covered by coffee is 

approximately 400,000 hectares, with a total production of 200,000 tones of clean coffee per year 

(Gemechu, 2009).              

Table 16: Regional Distribution of Coffee Residues (Kebede, 2001) 
 

Process 
 

Location 
 

Green Coffee(ton/yr) 
 

Coffee Residue(ton/yr) 
 

No of Processing plants 

Dry process 

Regional Total 130,350 184,024  
SNNPR 35,060 49,496 113 
Oromiya 94,145 132,911 273 
Gambella 1,033 1,458 2 
Others 112 158  

Wet process 

     
Regional Total 25,019 30,275  
SNNPR 16,533 20,006 309 
Oromiya 6,959 8,421 189 
Gambella 1,519 1,838 6 
Others 8 10  

Grand Total 155,369 214,299  
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From the above table, we can see that almost all coffee residue sources are very far (more than 

1000km) away from Messebo Cement Factory, which makes the transport cost very high. Hence, 

coffee husk is not economically advised for our case. However, it is possible to use cement delivery 

trucks going to Addis Ababa to bring the coffee husk from the surrounding area on their return 

route, usually they return empty.  

4.3.2.2. Cotton Stalk 
State farm plantations, mostly concentrated in the Awash River Basin, dominate cotton production 

in Ethiopia. Some private cotton cultivators are also active in these areas and others. At present the 

residues are not utilized but are burnt in the field to control pathogen and insect infestation of the 

following crops and are then ploughed under. 

The bulk density of cotton stalk residues collected in the field is approximately 140kg/m3. The 

national distribution of the cotton residues is indicated in Table 17 below.       

          
Table 17: National Annual Cotton Stalk production and areas planted for 1997/98 in state farms. 

Region Location 
Area 

Cultivated(h
a) 

Residues 
(tones) 

AFAR Middle Awash Cotton Plantation 4782 18170 
 Melka Warer 3242 12318 
 Melka Sedi 1440 5472 
 Middle Awash Banana & Cotton 

Plantation 
100 380 

Tendaho Cotton Plantation 7350 27930 
 Dufti 4000 15200 
 Ditbara 3350 12730 

TIGRAY Humera(and others in Tigray) 11260 42822 

 Total 23392 88922 

 

Table 18: Regional Distribution of Cotton plantation at the state farms (MoARD, 2009) 
Region Area Under 

Production(ha) Residues(tones) 

Afar 14,132 53,702 

Tigray 11,435 43,453 

SNNPR 3,800 14,440 

Oromiya 2,888 10,975 

Gambella 1,000 3,800 

Total 33,255 126,370 
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According to Hiwot (2007), the potential total area, agro-ecologically conductive for cotton 

production in Ethiopia is estimated to be 2,575,810 ha. However, in spite of high-potential areas 

existing in the country, actual current production does not exceed 125,000ha. 

From table 18 above, we can see that around 97,155 tons (from Afar and Tigray) of cotton residues 

can be used for pyroprocessing of MCF. Since Afar is neighboring region, for example awash and 

Tendaho farms are not more than 300km away from Mekelle where MCF is located. Humera cotton 

farms located in the same region with Mekelle are 587km away from Mekelle. Hence the transport 

cost will be affordable.  

Cotton production in Ethiopia (2003-2006) is indicated in Table 19. As this table shows, the 

production of cotton is increasing annually, implying that cotton residues are also increasing – 

which can be promising for the production of an industrial biomass energy resource. 
 

Table 19: Cotton Production and Residues in Ethiopia from smallholder, private and public Farms 
(Hiwot, 2007). 

Year Area Under Cotton(ha) Total Production(tones) Cotton 
Residues(tones) 

2003 110,000 136,000 374,000 

2004 125,000 137,000 377,435 

2005 120,000 144,000 396,000 

2006 122,000 145,300 400,301.5 

Total 477,000 662,300 1,549,136.5 

 

 Residue to product ratio is 2.755 at 12% moisture content (Bhattacharry et al,1990)  

 

4.3.2.3. Sesame stalk and hull 
Sesame is extensively and commercially cultivated in lowlands of Ethiopia especially in North 

West part. According to Tigray Region Agriculture Bureau, annual sesame stalk generation of the 

region in Humera and its surrounding is estimated to be around 571,488 tons which is very huge 

amount which is more than enough for this study. Besides, sesame seeds have a thin shell which 

needs to be removed by de-hulling process. The weight of hull is about 17% of total weight of 

sesame seed which is also a huge amount that can be used for energy use in cement production. 

Therefore sesame stalk biomass can be considered as the one of the candidate biomass which can be 

used as an alternative fuel in MCF’s pyroporocessing. 
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Table 20: Sesame Stalk Biomass Potential of Tigray (2009-2010) (Source: Regional Agriculture 
Bureau) 

Wereda Distance from 

Mekelle (km) 

Area Under Cultivation 

of sesame (hectares) 

Stalk yield         

(tons per hectare) 

Kafta Humera 569 223,918 447,836 

Welqaite  NA 24,896 49,792 

Tahtay Adyabo NA 19,433 38,866 

Tsegede NA 17,497 34,994 

Total Tonnage  285,744 571,488 

 

4.3.2.4.  Rice husk 
Among the target commodities that have received due emphasis in promotion of agricultural 

production, rice is one which is considered as the “millennium crop” expected to contribute in 

ensuring food security in the country. Even though, introduced recently, rice has proven to be a crop 

that can assure food security in Ethiopia, the 2nd most populous nation in sub-Sahara Africa with 

about 74 million people in 2007. Among other regions Amhara and Tigray regions do have the 

potential for rice production. In the year (2009), Amhara and Tigray regions produced around 

199,761 ton and 14,505 tons respectively. This figure is increasing from time to time. Therefore 

there is a huge rice husk residue potential for Messebo Cement Factory to use for energy purposes. 

Actually Messebo has tried feeding rice husk with the existing feeding facilities; the result is 

promising although there are some challenges to be addressed.  
 

4.3.2.5. Residues from biofuel sector 
a. Jatropha 

The jatropha plant is widely distributed in Ethiopia, existing in many low-lying areas of the country. 

Large volumes of residue are expected to be available from the biofuel processing industry over the 

coming years. The husk (outer cover) of the jatropha seed has high fiber content and may be used as 

fuel-in briquette form-in the same way as coffee husks. 

The Ethiopian government is promoting jatropha as an alternative fuel source to help reduce the 

country’s dependence on costly imported fossil fuel. Increasing the bio-diesel blend will require 

processing of more jatropha seeds, resulting in a corresponding increase in the volume of waste that 

can be trapped for biomass Briquetting. Promoting production and use of briquettes in this way will 

help people realize profit form jatropha waste. 
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In medium and large scale processing plants, the depulping of jatropha fruit may be done at 

processing sites to ensure the quality of kernels. In large processing plants depulping will be by 

mechanical means. Residue pulp will be substantial and can be another source of income for the 

processing plants. 

The jatropha fruit is 40% pulp, 30% kernel and 30% oil. About 0.4tonnes of pulp will be available 

from 1 ton of seed processed. A small (3tonnes per day), processing plant will produce 1.2tonnes of 

pulp per day while a large (130 tons per day) processing plant will generate 50 tones of residue per 

day. If used properly, this represents a significant energy source.  

b. Castor 

The castor bean is native to Ethiopia. The castor plant grows in diverse climates but favors warm, 

dry climates (600-700mm of rain; 1600-2600 m altitude). It requires moist, deep and well-drained 

soils for optimal yields. It can tolerate saline or alkaline soils and is also drought resistant. Since 

yield depends on soil moisture, there may be a requirement for irrigation in arid zones. 
 

4.3.2.6.  Invasive species that have no functional value 
a. Prosopis juliflora 

Prosopis is a wild tree/shrub that grows across hundreds of hectares of the Afar and Somali regions. 

It was introduced to Ethiopia some three decades ago for the purpose of soil conservation. 

However, with time it has developed into a real nuisance as a weed, fast growing and coming to 

dominate range lands and agricultural lands mostly along the Awash valley of Afar region.  

According to recent studies from Ethiopian Forestry Research Institute, Over 1.1 million hectares of 

land is invaded by Prosopis Juliflora only in zone 3 of afar region that covers Amibara, Gewane, 

Awash Fentale, Bure Mudaytu and Gewane areas. Both the local government and communities 

declared the invasion a top priority problem and requested for external support to prevent further 

expansion of the invasion and the restoration of invaded areas.  

Hence the Afar National Regional State has issued a regulation to control, manage and eradicate the 

invasion of Prosopis through utilization, minimization and eradication systems. 

Currently the local community is using the prosopis woody biomass as fuel wood, charcoal making, 

fencing etc. The woody biomass calorific value has been measured to be 4952kcal/kg and a 

laboratory test in Ethiopia has also shown that the woody biomass has LHV of 4500kcal/kg. 

However the net calorific value of the whole biomass including its branches and leaves is expected 

to be around 4200kcal/kg. 
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According to experiences from different countries like Kenya, India a minimum of 10dry tons of 

prosopis juliflora biomass can be obtained from One hectare prosopis invaded area, considering the 

coppicing property of the biomass within 18 months; 10*1.1million/1.5= 7 million tons of prosopis 

juliflora biomass can be obtained annually which is fair enough for many cement plants in Ethiopia. 

Since the major part of the Afar region is not far from Mekelle (between 350-450 km), the transport 

cost of the biomass is expected to be relatively acceptable and hence prosopis juliflora can also be 

considered among the best candidate alternative fuels for MCF’s pyroprocessing.  

4.4. Selection of the best alternative fuel for MCF 
Varieties of alternative fuels have been assessed in previous chapters such as RDF, MBM and BDF, 

among them BDF alternative fuels have been selected due to their availability in enough amounts 

and fulfilling minimum energy content. From the listed Biomass Derived Fuels sesame stalk from 

Humera (at 589-600 km) distance from MCF and prosopis juliflora biomass (at 415-450 km) 

distance from MCF are considered as the best candidate alternative fuels. The two fuels comparison 

is summarized in the Table 22 below; 

Table 21: Ultimate Analysis of Alternative Fuels (Source: FLS lab and NCSC lab) 
 

S.No Alternative Fuel Name 
LHV 

(kcal/kg) 

Fixed 
Carbon (%) 

Volatile 
content (%) 

Ash content 
(%) 

Moisture 
content (%) 

Distance From 
MCF (km) 

1 Sesame Stalk 3519 16.6 74.1 6.1 3.2 589 

2 Prosopis Juliflora        

(woody part) 
4529 16.5 1.57 72.06 9.8 415 

 

As can be seen clearly in the table above, from distance point of view prosopis juliflora biomass is 

situated at a relatively nearer distance than Sesame husk and its calorific value is also better than 

sesame husk. Therefore, we can consider prosopis juliflora as the 1st ranked candidate where as 

sesame stalk can be considered the 2nd ranked candidate for our study. Please note that the prosopis 

juliflora biomass is expected to decrease its calorific value from 4529kcal/kg to around 4200kcal/kg 

when the whole biomass including its branches, leaves is taken in to account. 

4.4.1. Techniques for preparation of Biomass and Biomass Residues for kiln 
firing  

Prior to densification, agricultural residues or forest sources biomass  have to undergo a number of 

stages including collection, storage, cleaning, drying, size reduction, and feeding. Depending on the 

residue, each of the above stages will require a certain expenditure on equipment, material and 

labor. 
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4.4.1.1.  Collection 
Depending on the agricultural residue, collection can be a major component of the densification 

process. For example, materials such as cotton stalks tend to be widely dispersed in the fields and 

must be collected and transported to a central location. Alternatively, materials such as coffee husks 

are produced at central locations and do not present a major collection effort. 

4.4.1.2.  Storage 
The type of storage required will depend on the residue and the environmental conditions it is 

subjected to. Usually, the residue will be stored in an open-air heap, a shed, a bin or within retaining 

walls or fences. If the collected residues is dry and open-air storage would result in the 

accumulation of moisture, then closed or sheltered storage is necessary. Conversely, wet residue 

can be reduced in moisture content through carefully managed open storage. 

4.4.1.3.  Cleaning 
Cleaning is necessary if the residue contains foreign materials (such as stones, soil or metal) that 

could damage the processing and densifying equipment. Cleaning can usually be achieved with 

pneumatic, mechanical and /or magnetic screens. 

4.4.1.4.  Drying 
In general, most extrusion-type densification equipment requires that the feedstock be in the range 

of 10-20% moisture content on a wet basis (%mcwb). If the moisture content of the feedstock is too 

high (above 20%mcwb) the excess water becomes a superheated liquid because of the high pressure 

required for densification and the resultant frictional heat build-up. The water will flash to steam as 

it exits the densifier and the pressure is lowered, usually exploding the briquette or pellet. 

Stored at moisture contents above 20% for extended periods, any biomass will begin to decompose, 

reducing its calorific value and posing a risk of spontaneous combustion. Because of this, drying of 

the residue prior to densification is required if the material as received is above 20%mcwb. The 

method of drying will depend on several factors, including environmental conditions, the initial 

moisture content of material, the level of throughput, the size of material, the type of densifying 

equipment, etc. 

4.4.1.5.  Size reduction 
Most densification equipment requires that the maximum particle size of the incoming feedstock be 

no more than 25% of the diameter of the resulting briquette or pellet. For example, a piston extruder 

producing briquettes 50 mm in diameter has a maximum particle size constraint of 12mm. 

Feedstock size reduction is usually achieved with a hammer mill. With the exception of saw dust 

and other materials of similar size, all other materials should be crushed to 6-8 mm size with 10-

20% fines to achieve optimum Briquetting results. While many types of crushing and grinding 
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equipment are available on the market, for biomass materials hammer mills are considered the most 

suitable. These are available in various sizes, from a few kg/hr to 10-15 tones per hour. 

4.4.1.6.  Densification 
In order to make the transport cost of biomass to the cement plant reasonable and economical, the 

biomasses need to be densified. There are different densification methods such us Baling, 

Briquetting/Pelleting, Charcoaling and Briquetting and so on; each densification methods are 

described in detail as below; 

A. Briquetting 
To transform the low density biomass into a useful energy substitute for cement production, it 

would have to be densified under high pressure and temperature to form wood like logs known as 

briquettes. 

There are essentially four main types of extrusion densification process: 

 Piston press briquettors 

 Screw press briquettors 

 Roll briquettors; 

 Pellet mills 

There follows a brief description of each of these processes. 

Piston Press Briquetting 

In this process, a reciprocating piston forces the feed material into a die, where pressure and friction 

heat the feedstock to 150-300oC before it is extruded through a die 25-100mm in diameter. In most 

cases, the die is water-cooled to reduce wear. The briquettes then enter a cooling line which, by 

friction, provides a back pressure on the material exiting the dies so that the cooling takes place 

with gradually diminishing pressure. A sudden pressure drop can cause the high temperature water 

to flash to steam, exploding the briquettes. The back pressure can often be adjusted to allow 

optimum production for fuels with varying moisture contents. As they exit the cooling line, 

briquettes may be cut or broken off at any desired length. 

Capacity ranges from 150kg-1.5 tones per hour. Piston press Briquetting is characterized by high 

capital costs (US$500,000) and moderate operating costs ((US$130,000). 

Screw Press Briqueeting 

 Low production capacity (750-1000kg) per hour 

 High labor cost ($7.2/tonne) and high capital cost per ton of output ($15). 

 High amount of friction heating by the screw, resulting in higher die temperatures and 

increased wear on the screw and die head. 
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Roll Briquetting 

 Feedstock is pre-compressed with a screw feeder and compacted between two rollers with 

opposing cavities to form pillow-shaped briquettes 25-50 mm in size. 

 This method requires little energy input since there is little friction heating of the material. 

 Maintenance requirements are lower. 

 Rolled briquettes are generally less durable than extruded products unless a binder is used. 

Pellet Mill 

In a pellet mill, a hard steel die, cylindrical or disc-shaped, is perforated with a dense array of holes 

5-15 mm in diameter, and a press roller forces the biomass through the holes. As the pellets are 

extruded from the holes they may be cut off at a specified length, usually less than 30mm. 

The unique characteristics of the pellet-its small size, smooth rounded edges, high bulk density and 

durability-make it most suitable for bulk storage and handling. 

Pellets have a lower tendency to bridge in hoppers and are easily handled by screw conveyors 

which often have difficulty with larger briquettes or cubes. In addition, pellets are densified from 

that can be handled pneumatically. 

One negative consequences of the small size is that the feedstock particle size must be smaller as 

well, which can increase the cost of pre-processing. Another significant aspect of palletizing is the 

high production capability of pellet mills, from 2-10tonnes per hour. High output can result in lower 

labor costs per ton of output. (Joint UNDP/World Bank, ESMAP   1986). 

The following process flow diagram, Fig16, presents the activities that would need to be undertaken 

in the production of briquettes from agricultural and process residues. 

 
Fig 16: Schematic Flow Diagram for Simple Briquetting Process (Kebede, Seboka & Yilma, 2002) 
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B. Charcoaling and briquetting 
Charcoaling/Carbonization or charcoal making is the process of heating the woody biomass 

(pyrolysis) under deficient/controlled oxygen so that the volatile matter of the biomass is burnt and 

expelled while the fixed carbon and ash are left. The product after charcoaling (pyrolysis) is known 

as Charcoal. The charcoal could either be transported to cement plants for use as it is if the bulk 

density is reasonable or it can be transported after being crushed and briquetted with binder. 

Charcoal has high calorific value ranging between 6500-7200kcal/kg when compared with the raw 

dry biomass. The equipments and facilities in MCF used for coal crushing, milling, dosing and 

feeding can also be used for Charcoal without any problem. 

C. Baling 
Baling is another way of densification on which the biomass size is reduced by either shredder or 

mill and then pressed by hydraulic press to form relatively more densified biomass (400-550kg/m3) 

in large sizes as is shown in Fig 17 below. 

 
Fig 17: Biomass Bales 

 
4.4.2. Thermal Energy Characteristics of Biomass Residues 

Table 22: Properties of common biomass residues (Da Silva, Kutty & Kucel, 2006, NCSC & FLS lab) 

Residue LHV(MJ/Kg) 
Ash content 

(%) 

Volatile matter 

(%) 

Moisture 

Content (%) 

Coffee Husk 16.4 11.4 69.4 11.4 
Saw dust 18.8 58.4 80.1 1.6 

Cotton Stalk 17.4 3.3 75.8 12 
Cotton Stalk Briquette 19.1 3.2 N.A 5.9 

Prosopis Juliflora 

 

18.96 1.57 72.06 9.87 
Sesame Stalk 14.7 6.1 74.1 3.2 

 

As we stated before, based on Lafarge cement’s practical minimum lower heating value standard of 

alternative fuel should be 14MJ/Kg. Therefore the biomasses mentioned in the above tables as well 

as other biomass residues do fulfill the minimum requirement. 
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The conclusion made on solid fuels with regard to total combustion gas emission stated for other 

alternative solid fuels like MBM, RDF is also true for Biomass fuels. 

 

 

 

Chapter 5 : Alternative Fuel Feeding System Selection for 
Messebo Cement Factory 
 

5.1. Introduction 
In the previous chapters, we have tried to see the appropriate alternative fuels for MCF in terms of 

their availability and their technical characteristics. These fuels are.  

 

Wastes 

 Refuse Derived Fuel(RDF) 

 Meat and Bone Meal (MBM) 

 

Biomass Derived Fuels 

 Cotton stalk 

 Sesame stalk and husk 

 Rice husk 

 Jatropha 

 Prosopis Juliflora 

 Bamboo tree  

 

Therefore, when we say Solid alternative fuels in the coming chapters, we are referring to the above 

mentioned fuels. For better understanding and description of the feeding systems in reference to the 

existing, the existing coal grinding and feeding system of MCF is shown below in Fig18 
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Fig 18: Messebo Cement Factory existing Coal/petcock grinding and feeding system.  

 

5.2. Selection of Alternative fuel feeding systems 
The above mentioned alternative fuels can be fed to the cement pyroprocessing either by direct 

feeding and combustion of the alternative fuel in pulverized/solid form or by transforming the 

alternative fuel into producer gas (also known as ‘synthesis gas’ or ‘syngas’) and co-firing it in the 

kiln/calciner using a gas burner. The above two processes are described in detail as below. 

5.2.1. Direct combustion of solid alternative fuels in pre heater, precalciner 
and kilns 

In chapter 3, we have seen that the selected solid alternative fuels have to be cleaned, dried and 

homogenized to have uniform heating value.  

Solid alternative fuels can be utilized in pulverized or in lump solid form. The fuel-feed system and 

plant modification has to be designed according to the form of solid biomass. 

5.2.1.1. Pulverized solid alternative fuels 
Pulverized solid alternative fuels can be fed to kiln and/or pre-calciner in three different ways 

(a) If the plant has got coal /petcoke grinding and feeding system, the solid fuel may be dosed and 

fed to the coal mill together with the coal and the mixture shall be fed to the calciner/main burner 

after being dosed with the existing system without extra investment. In our case the existing coal 

grinding and feeding system can be modified as is shown in Fig 19 below.  
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Fig 19: Proposed Alternative fuel-coal or Alternative fuel-petcock grinding and feeding system (option a)  

 

The above system (a) has the following advantages and disadvantages 

Advantages 

√ The existing coal/petcock feeding system can be used without problem and without 

requiring additional investment for new feeding system.( Specially when utilizing 

charcoaled and briquetted biomass) 

Disadvantages 

√ Alternative solid fuels inter grinding with petcock/coal in coal mill may create 

chocking inside the mill while using pulverized biomass which has not been 

carbonized. 

√ Chocking may occur at the storage bins of the ground mixture of Coal-alternative 

fuel or petcock-alternative fuel. 

√ The feeding pipe size may not be enough to handle additional capacity. 

√ Coal mill output may decrease. 

√ The volatile content of the biomass may create fire inside the mill. 

√ Due to the problems mentioned above, substitution rate may not go beyond 10%  

(b) If the plant has got coal/petcock grinding and feeding system, the pulverized solid fuel 

naturally (like rice husk) or pre-shredded/milled biomass (like sesame stalk, Prosopis juliflora 
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biomass) can be directly dosed and mixed with coal/petcock and fed to kiln/calciner with the 

existing feeding system with little investment as is shown in Fig 20 below. 

 
Fig 20: Proposed Alternative fuel-coal or Alternative fuel-petcock grinding and feeding system (option b) 
 
The above system (b) has the following advantages and disadvantages 

Advantages 

√ The existing coal/petcock feeding system can be used with small additional 

investment for pneumatic feeding blower, alternative fuel shredder, conveying 

system, fine alternative fuel bin and dosing system.  

Disadvantages 

√ The additional air used for transporting the alternative fuel creates additional false 

air which affects the heat efficiency of the pyroprocessing and it also creates 

additional load to the ID fan as the exhaust air amount is expected to increase. 

(c) If the plant doesn’t have solid fuel feeding system or if the systems mentioned in “(a)” and 

“(b)” above are feared for their discrepancy and demerits, separate feeding systems need to be 

designed with extra investment. In this case the final feeding system can be either pneumatic or 

mechanical, the pneumatic feeding uses blowers for transport and feeding the alternative fuel while 

the mechanical system uses combination of bucket elevators, screw conveyors, swing chutes etc. 

Both systems have merits and demerits, pneumatic feeding has merits such as low maintenance cost 
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and de-merits such as chocking, high power consumption, false air introduction ,not flexible to 

different alternative fuels and so on while the mechanical system has merits of flexibility to 

different alternative fuels, no false air introduction, low power consumption and de-merits of high 

maintenance cost. Nowadays although both pneumatic and mechanical ways of feeding system are 

employed in many cement industries, mechanical systems are preferred over pneumatic systems in 

many installations taking into consideration the above mentioned merits/de-merits for both systems. 

 
Fig 21: Altenative fuel shredding, conveying, dosing and feeding installation in Egypt (Source: ATec) 

 

From the above points raised about feeding pulverized solid alternative fuels, system (c) is 
recommended to be the best feasible option to MCF pyroprocessing as it is relatively trouble free 
and allows for more fuel substitution and it can be used for both carbonized and un-carbonized 
alternative fuels.(N.B carbonized and briquetted alternative fuels can use the existing grinding and 
feeding system with no trouble but in order to utilize alternative fuels in many forms, it is better to 
use system (c) which uses both carbonized and non-carbonized fuels shredding operation). 
 

5.2.1.2.  Lump Solid Alternative Fuels 
The alternative solid fuels previously stated (RDF, MBM, BDF) can be burned in combustion 

chambers arranged in pre heater/ precalciner or can be co-combusted in rotary kilns. Here RDF 

stands for (Refuse Derived Fuels), MBM (Meat and Bone Meal), BDF (Biomass Derived Fuels) 
 
Generally, to use lump-solid fuel in the kilns is problematic due to uncontrolled mixing of fuel ash 

in the clinker. 
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The lump alternative solid fuels require a lot of prior cleaning, drying and preparation (cutting to 

size, making pellets or briquettes) so that efficient combustion can be achieved without affecting the 

clinker production process. 

The cleaning and fuel preparation has to take place in solid fuel storage houses, which should 

preferably be located outside of the plant, due to the large space requirement. Prepared solid 

alternative solid fuels could be transported to the plant by mechanical conveyors and chute fed to 

the combustion chamber (precalciner or kiln). 

The following feeding system could be applied for lump solid alternative fuels 
 

 
Fig 22: Proposed feeding system for Solid Alternative Fuels  

 

Advantages and disadvantages of feeding solid lump alternative fuels 

Advantages 
√ Direct combustion of solid lump alternative fuels, particularly urban- waste derived 

fuels, in the rotary kiln is the preferred option from the perspective of safer disposal 

of the waste, as the high kiln temperature enables complete combustion and 

minimizes the risk to the environment from uncombusted fuel. High temperature and 

longer retention times in the kilns offer greater energy efficiency when combusting 

the fuel. 
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Disadvantages 

√ Uncontrolled mixing of fuel ash in the clinker which could disturb the kiln 

pyroprocessing operation. 

√ Additional feeding equipments are required which cost extra investment. 

 
From the above points of view, feeding solid alternative fuels in lump form is not feasible and 

advisable for Messebo Cement Factory at this point. 

5.2.2. Gasification of Solid Alternative Fuels 
Gasification is a process of converting carbonaceous materials by partial oxidation into gaseous 

fuels( producer gas) of low heating value, containing Carbon monoxide, hydrogen, methane and 

traces of higher hydrocarbons such as ethane( Cioni et Al,2002). 

All solid alternative fuels (MBM, RDF, and BDF) can be converted into producer gas for use in 

cement plants. Gasification of urban solid waste creates particular convenience due to the 

difficulties of directly combusting such material. Producer gas can be co-fired with other fossil fuels 

like coal, petcock and furnace oil. However the existing plant of MCF needs to be modified by 

adding a gasifier reactor and a gas injection and firing system into the kiln/Pre-calciner. 

The most commonly used gasifier for industrial-scale applications is the fluidized bed gasifier. 

Fluidized bed technology has the following benefits (Cioni et al, 2002) 

 Relatively simple construction and operation 

 Tolerance to different particle size, feed stock heating value and composition 

 High carbon conversion and good quality of raw gas produced (low tar and particle 

content) 

 Good temperature control and high reaction rate 

 Feasibility of retrofitting in existing plants 

Silica sand is usually used as the fluidizing material and air as the oxidizing agent; the typical 

operating temperature is 800-850oC and gasification occurs in isothermal conditions. The high 

thermal capacity due to the inert bed and the high mass transfer rate due to the good mixing of the 

solid phase leads to carbon conversion approaching 100% with the bed.  

The main disadvantage of the technology is the carry-over of the particles produced from the 

elutriation of ash and fuels, which enriches the gas with solids that must be removed. In a 

circulating fluidized bed (CFB) gasifier, the fluidizing velocity is high enough to let the gas entrain 

some of the fine particles, both sand and fuel. The cyclone separates the raw gas from the solid 

particles, which are recycled back to the bed. Ashes are discharged from the bottom of the gasifier 



 

- 81 - 
 

in solid form and, to reduce the content of fine particles in the bed, by bleed from the bottom of the 

cyclone. Fluidized bed gasifier need to be installed between the raw mill and kiln for the following 

two main reasons. 

 The producer gas is fed without any treatment to the kiln and /or pre-calciner. 

 The burn out ash is conveyed through an ash cooler into the raw mill, where it is accurately 

metered into the raw mill as feed component. 

Hence, by using fluidized bed in the plant, it is possible to completely convert the mentioned solid 

alternative fuels into a resource material for cement production, in the form of both energy and as 

feed material.  

The following figure shows the feeding system of solid alternative fuels by generating producer gas 

using gasification reactor. 

 
Fig 23: Gasification and proposed feeding system to calciner/kiln  

 
Advantages and disadvantages of gasification 

Advantages 

√ A variety of biomass fuels, urban waste derived fuels, agricultural residues, forest 

residues and forest waste, woody biomass for energy forestry etc, can all be utilized 

for producer gas generation with little requirement for drying, cleaning and fuel 

preparation. 

√ Relatively large sizes up to 150mm pieces of biomass fuel can be utilized without 

any need for significant size reduction operations. 
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√ Fuel ash can be conveniently disposed and used for raw meal production in the raw 

mill without disturbing the clinker production operation. 

√ Flexibility: the cement plant can be designed to use a high proportion of producer 

gas in the fuel mix but can also retain the flexibility of using 100% fossil fuel if the 

need arises( i.e. there is no need to change the raw mix chemistry during fuel 

switching since the clinker chemistry is undisturbed by the producer gas that has no 

fuel ash). 

Disadvantages 

√ Extra investment is required for the gasification reactor and gas feeding systems 

√ The efficiency of utilization, from raw biomass to process heat, is lower than other 

alternatives because of the heat loss at the gasification reactor. 
 
From the above points of view, changing solid alternative fuels into producer gas (combustible gas) 

to be used as gas fuel for pyroprocessing is very feasible and advisable for Messebo Cement.(2nd 

best option) 

Hence detail discussion is required on the gasification definition and what type of gasifier to be 

used and so on. 

5.2.2.1. Gasification definition 
Combustion, gasification and pyrolysis are thermal conversion processes available for the thermal 

treatment of solid wastes.  

Gasification as is indicated above can be broadly defined as the thermo-chemical conversion of a 

solid or liquid carbon-based material (feed stock) into a combustible gaseous product (combustible 

gas) by the supply of a gasification agent (another gaseous compound). 

The thermo chemical conversion changes the chemical structure of the biomass/waste by means of 

high temperature. The gasification agent allows the feed stock to be quickly converted into gas by 

means of different heterogeneous reactions (Di Blasi, 2000; Hauserman et al., 1997; Barducci., 

1992; Baykara and Bilger). 

The combustible gas contains CO2, CO, H2, CH4, H2O, trace amounts of higher hydrocarbons, inert 

gases present in the gasification agent, various contaminants such as small char particles and ash 

and tars (Bridgewater, 1994a). 
 

Gasification Sub-processes 

The gasification process of a solid particle can be divided into four steps; 
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 Drying: the water with in the fuel is removed by evaporation. 

 Pyrolysis: the volatile gases mainly CO2, CO and hydrocarbons are released from the dry 

fuel through thermal degradation, in absence of an oxidant. The remaining solid is char. 

 Combustion: Total and partial combustion of gas and char provides energy required in the 

other steps. 

 Reduction: remaining char is reduced with CO2, H2O and heat to form H2 and CO. 

The gas composition and heating value of the product gas depend on which is the gasification agent, 

i.e. if air, oxygen or steam have been used. Hence there are three modes of gasification namely 

pyrolytic gasification, partial oxidation and steam gasification. 

5.2.2.2. Gasifiers  
The gasifier is the reactor in which the conversion of a feedstock into fuel gas takes place. There are 

three fundamental types of Gasifiers; 1) Fixed bed, 2) fluidized bed and 3) indirect gasifier 

Fixed bed reactors 

As can be seen on Fig 23, we have two kinds of Vertical Fixed bed Gasifiers (VFB), updraft and 

downdraft Gasifiers. 

Updraft is a counter-current gasifier, i.e. to say the feed-stock is fed from top while air is introduced 

from the bottom of the reactor. In the reactor the solid fuel is converted into combustible gas during 

its downward path (Quaak et al, 1999; Bridgewater, 1994a). 

As seen in the figure the feedstock passes through drying, pyrolysis, reduction and combustion 

(Juniper, 2000; Quaak et al., 1994a) from the top. In the combustion zone, the highest temperature 

of the reactor is greater than 1200oC. As a consequence of the updraft configuration, the tar coming 

from the pyrolysis zone is carried upward by the flowing hot gas; the result is the production of a 

gas with high tar content. Typically, the sensible heat of gas is recovered by means of a direct heat 

exchange with feedstock (Bridgewater, 1994a). 

In a downdraft reactor, co-current, the feedstock is fed in from top and the air is introduced at the 

sides above the grate while the combustible gas is withdrawn under the grate (Juniper, 2000; Quaak 

et al, 1999; Hauserman et al., 1997; Bridgewater, 1994a). As a consequence of the downdraft 

configuration, pyrolysis vapors allow an effective tar thermal cracking. However, the internal heat 

exchange is not as efficient as in the updraft gasifier (Quaak et al, 1999; Bridgewater, 1994a). 
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Fig 24: Fixed Bed Reactors (Quaak et al, 1999) 

 

Fluidized Bed Reactors 
Fluidization here is meant the process whereby a fixed bed of fine solids, typically silica sand, is 

transformed into a liquid like state by contact with an upward flowing gas (gasification agent) 

(Juniper,2000). 

Fluidized bed gasification was developed to solve operational problems encountered in fixed bed 

gasification related to feed stocks with a high ash content like biomass and , principally, to increase 

the efficiency(Quaak et al, 1999). The efficiency of a fluidized bed gasifier is about five times that 

of a fixed bed (Quaak et al, 1999; Binngyan et al., 1994). 

Unlike fixed bed reactors, fluidized bed reactors are gasifier types without different reaction zones. 

They have an isothermal bed operating at temperatures usually around 700-900oC, lower than 

maximum fixed bed gasifier temperatures. Two kinds of fluidized bed reactors bubbling fluidized 

bed (BFB) and circulating fluidized bed (CFB) Gasifiers are shown on Fig 24.  

In a BFB rector, the velocity of upward flowing gasification agent is around 1-3m/s and the 

expansion of the inert bed regards only the lower part of the gasifier. Bed sand and char do not 

come out of the reactor because of the low velocity (CITEC,2000; Ghezzi,2000; Quaak et al,1999). 

The velocity of the upward flowing gasification agent is a CFB reactor is around 5-10m/s (CITEC, 

2000; Ghezzi.2000). Consequently, the expanded bed occupies the entire reactor and a fraction of 

sand and char is carried out of the reactor with the gas stream (DE Feo et al., 2000). This fraction 

enters the cyclone separator that intercepts the gas stream and is recycled back to the reactor. 

(Niessen et al., 1996). 
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Fig 25: Fluidized Bed Reactors  
 

Indirect Gasifiers 
Indirect gasifiers are the reactors used for the steam indirect gasification and are classified as char 

indirect gasifiers and gas indirect gasifiers depending on the type of internal source.(Fig 25). 
 

 
  

Fig 26: Indirect Gasifiers 
 
In summary: Based on the above discussions, the feeding systems appropriate for Messebo Cement 
Factory are Feeding pulverized solid alternative fuels using system(c) (1st option) and Changing the 
solid alternative fuels into producer gas and feeding the gas to kiln/calciner(2nd option). Therefore 
we will focus on the 1st option in the next chapter. The 1st option requires some extra investment 
which will be described in the next chapters. The 2nd option is also important except it requires 
extra investment and lack of experience, otherwise it can be considered in the future as an 
alternative better option. 
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Chapter 6 : Harvesting, Baling and Feeding Technologies for 
the selected alternative fuel 
 

6.1. Harvesting and Baling Operations 

Different harvesting methods like fully manual, Semi-manual, Semi-Automatic and Fully 

Automatic have been assessed and Fully-Automatic harvesting system has been selected to be the 

best one considering the harsh climate of the area, thorny nature of the prosopis, high productivity 

of this system and low operational cost of this system. The process description of this system looks 

as below; 

 

In this method all felling (cutting), chipping, loading to bin and unloading the chipped biomass to 

tractor trailer is done by kangaroo type cutter-chipper machine, the chipped biomass shall then be 

collected at a certain collection center, here at the collection center the chipped biomass shall be fed 

to the baler by wheel loaders, after passing the baling process, the bales shall be loaded to trucks by 

forklifts and shall be transported to cement plant for further processing. This system has shorten the 

harvesting process in such a way that felling, chipping, loading and unloading of the chipped 

biomass is done by a single kangaroo type cutter-chipper. 

 

The above process flow can be summarized in the following process flow diagram (Fig. 27); 
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Fig 27: Process Flow Diagram for Fully Mechanized System of Harvesting, Baling and Transportation 
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6.2. Biomass firing plant at MCF 

In the cement plant site, a bale storage is required at least for one month in clothed storage and open 

storage where the storages shall be equipped with fire detection and extinguishing systems, the 

bales after being un-baled shall be fed to a belt/chain conveyor by mini wheel loaders and the bales 

shall undergo size reduction process by a hammer mill/shredder to get a three-dimensional size of 

approximately 50mm.  

 

The shredded biomass after passing through buffering storage/reclaimer shall then be conveyed by 

air supported tube conveyor to the dosing section and finally fed mechanically by a swing chute to 

the calciner burner. 

 

6.3. Capacity Determination 

Based on the fact that the existing calciner residence time is 3.6 seconds and experience of different 

industries throughout the world utilizing biomass, the fuel substitution rate is determined to be 40% 

and considering  specific heat consumption of the existing pyroprocessing to be 780kcal/kg, kiln 

actual capacity is 2350kcal/kg, calorific value of imported coal and prosopis juliflora is 6000kcal/kg 

and 4200kcal/kg respectively and other assumptions, the capacity of the biomass firing plant is 

determined to be 52,371 dry tons/annum of prosopis biomass which is summarized in the table 

below (Table 23).  
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Table 23: Capacity Determination 

 

Basis for Calculation(Data and Assumptions) 

  Kiln Capacity 2350 ton/day     

  Running days 300 days/annum Dry prosopis 
moisture 10% 

  Specific Heat Consumption of 
the Pyroprocessing(SHC) 780 kcal/kg Wet Prosopis 

moisture 40% 

  
Calorific Value of Prosopis 
Juliflora whole dry biomass       
(10% moisture) 

4200 kcal/kg     

  Calorific Value of Imported 
South African Coal 6000 kcal/kg     

  Calorific Value of Local Coal 3800 kcal/kg     

  Prosopis growth rotation rate 1.5 years     

  Productivity of Prosopis 
Juliflora biomass 40 wet 

tons/hectare/rotation     

  Productivity of Prosopis 
Juliflora biomass  26.67 wet 

tons/hectare/year     

  Productivity of Prosopis 
Juliflora biomass  17.78 dry tons/hectare/year     

  Bulk Density of chipped 
Biomass 200.00 kg/m3     

Fuel 
replacement 

% 
Prosopis Juliflora biomass 
(dry tons) 

Prosopis 
Juliflora 
biomass      
(wet tons) 

Required Hectare 
of Land covered by 
Prosopis  

Equivalent 
Imported Coal 
to be replaced 
(tons) 

Equivalent 
Local Coal to be 
replaced (tons) 

10% 13,093 19,639 736 9,165 14,471 
20% 26,186 39,279 1,473 18,330 28,942 
30% 39,279 58,918 2,209 27,495 43,413 
40% 52,371 78,557 2,946 36,660 57,884 
50% 65,464 98,196 3,682 45,825 72,355 
60% 78,557 117,836 4,419 54,990 86,826 
70% 91,650 137,475 5,155 64,155 101,297 
80% 104,743 157,114 5,892 73,320 115,768 
90% 117,836 176,754 6,628 82,485 130,239 

100% 130,929 196,393 7,365 91,650 144,711 
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Chapter 7 : Economic evaluation of using solid alternative 
fuels for pyroprocessing in MCF  
 
From previous chapters, we have seen that there are different types of alternative solid fuels which 

are selected for MCF according to their availability, source proximity and technical evaluations. 

The fuels are RDF (reduce derived fuel), MBM (meat and bone meal) and BDF (biomass derived 

fuels). But we will only see the economic evaluation of BDF (biomass derived fuels in general and 

Prosopis juliflora in particular) in this chapter as a representative to the other selected solid 

alternative fuels. 

7.1. Assumptions to be considered 

The following assumptions are taken into consideration in this chapter 

 The biomass transport for the time being is considered by Truck; the trucks carrying cement 

to Addis Ababa via the prosopis invaded region shall transport the baled prosopis biomass 

on their return trip if empty.  By baling the biomass to a density of 550kg/m3, the existing 

40 ton carrying trucks can carry 40 tons of the baled biomass by cascading the bales to a 

height of cargo container.  In the near future; the railway from Mekele to Awash is expected 

to be opened and the transport cost is believed to be cheaper than the truck transport.  

 Based on experiences of different cement companies and existing calciner residence time, 

we are going to consider replacing 40% of the heat requirement of the pyroprocessing 

process by BDF (biomass derived fuels). 

 Plant Life: Construction period of the project shall not exceed 1 year (which is estimated to 

be 7 -9months) starting from machine suppliers/EPC contractors selection and contract 

agreement to final test and commissioning. For the calculation of the financial analysis 10 

years plant operational life is considered which means the costs and benefits are calculated 

for 11 consecutive years. 

  Depreciation: the following depreciation rates are applied to the assets of the project:  

 Buildings and associated Civil works: 5% and in straight line method.  

 Plant and Machinery: 20% and using declining balance method.  

 Vehicles and harvesting machinery: 20% and declining balance method. 

 Office furniture and equipment: 20% and using declining balance method. 

 Pre-production Expenditure: 10% and in straight line method. 



 

- 91 - 
 

 Working Capital: As this project is a project aiming to substitute some 40% of the existing 

coal by biomass fuel, no new working capital is required; it only requires shifting some of 

the working capital from the coal procurement. 

 Discounting: The total investment and equity capital of the project are discounted at 15 per 

cent over the life of the project. 

 Source of Finance: The initial total investment cost is envisaged to be covered 30% by 

equity and 70% by bank loan. The type of loan is further assumed to be a constant principal 

bank loan, with a loan repayment period of 5 years after starting operation. One year for 

construction of the plant is considered as grace period; the annual interest rate including the 

various fees is taken to be 12%. 

 Capacity of the plant: The plant shall operate at 70%,80%,90% and 100% of its capacity in 

the 1st year,2nd year, 3rd year and 4th year onwards respectively. 

7.2. Financial Results and Analysis 

7.2.1. Investment Cost Estimation 

The investment required for biomass harvesting, baling, shredding, and storage, buffering, 

conveying, dosing and feeding operation is summarized as below in Table 24 and 25 and in detail 

from Table 26 to Table 31. The total investment cost for the whole operation is around 158,525,530 

87,525,530 birr (7.55 million USD). 
Table 24: Total Investment Cost (Format A) 

Total Investment Cost 
S.No Cost Item Cost(Birr) 

A Harvesting and Transportation Operation(Biomass Site) 85,555,274 
B Bale storage, size reduction, dosing and feeding Operation(Plant Site) 63,650,000 
C Training Cost 3,944,000 
D Project Implementation Cost 1,824,780 
E Consultancy and study Costs 450,000 
F Freight and Inland transport Cost 3,101,476 
  Total Investment Cost 158,525,530 

 
Table 25: Total Investment Cost (Format B) 

  Total Investment Cost 
S.No Cost Item Cost(Birr) 

1 Pre-production Cost 11,320,256 
2 Fixed capital Costs 147,205,274 
3 Working Capital Costs 0 
  Total 158,525,530 
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Table 26: Investment Cost for Harvesting, Baling and Transportation Operation (Biomass Site) 

 
A. Harvesting ,baling and Transportation Operation(Biomass Site)   

S.No Equipment Name Capacity Qty Unit 
Price(birr) 

Total 
Price(Birr) source 

1 Cutter -chipper-Collector (AHWI 
kanagro type harvester) 

11 wet ton /hour, 
bin storage 
capacity is 25m3 

4 14,560,000 58,240,000 Prinoth-AHWI 
quotation 

2 Tractor and Trailer Trailer volume 
50m3 8 1,285,000 10,280,000 

Alibaba 
quotation and 
MIE 

3 Wheel loader(mini) Bucket volume 
1.5m3 3 650,000 1,950,000 Alibaba 

4 Fork lift (mini) 1 ton  2 650,000 1,300,000 Alibaba 
5 Stationary Baling machine 10t/h 3 1,060,000 3,180,000 Alibaba 

6 Civil engineering cost(collection and 
Baling Center)   1 200,000 200,000 Estimation 

7 Erection/Installation cost for the baler   1 200,000 200,000 Estimation 
8 Big Bag filling machine 30t/h 1 150,000 150,000 Estimation 

9 Mobile workshop container   1 1,059,552 1,059,552 Prinoth-AHWI 
quotation 

10 Mobile Fuel Tanker 5000liter 1 400,000 400,000   

11 Wear and Spare part   1 6,156,722 6,156,722 Prinoth-AHWI 
quotation 

12 Grinding machine with chipper blade 
holder   1 403,000 403,000 Prinoth-AHWI 

quotation 

13 
Used empty 20” container as storage 
for spare 
parts 

  1 91,000 91,000 Prinoth-AHWI 
quotation 

14 Pickup double cabin car   2 750,000 1,500,000   
15 Minibus car 12 seat   1 300,000 300,000   
16 Office furniture and equipments   1 45,000 45,000   
17 Walky Talky Radios   10 10,000 100,000   
  Grand Total A       85,555,274   
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Table 27: Investment Cost for Bale Storage, Size reduction, Buffering, Conveying, Dosing and Feeding 
(Plant Site) 

B. Bale storage, size reduction, dosing and feeding Operation(Plant Site) 

S.No Item description qty Unit price(birr) Total 
Price(birr) Source 

1 Bale Storage 1 4,000,000 4,000,000 Estimation 
2 Fork lift ( for bale unloading) 1 650,000 650,000 Alibaba quotation 

3 Intermediate storage and Transportation 
system 1 21,000,000 21,000,000 Quatation from Atec,FLS 

4 De-baling and Bale size reduction system 1 15,000,000 15,000,000 Quatation from Atec,FLS 
5 Biomass Dosing System 1 5,000,000 5,000,000 Quatation from Atec,FLS 
6 Biomass Feeding System 1 4,000,000 4,000,000 Quatation from Atec,FLS 
7 Civil engineering cost 1 4,000,000 4,000,000 Quatation from Atec,FLS 
8 Control and automation/instrumentation 1 4,000,000 4,000,000 Quatation from Atec,FLS 
9 Erection/Installation  1 4,000,000 4,000,000 Estimation 

10 Test and Commissioning 1 2,000,000 2,000,000 Estimation 
  Grand Total B     63,650,000 

  
Table 28: Investment Cost for Training 

S.No C. Training Cost 
  Training Topic Birr Source 

1 Training(skill transfer) and harvesting operation 
logistics management for one year 3,744,000 AHWI 

quotation 

2 Biomass preparation and feeding System(local 
training) 200,000 Estimation 

  Grand Total C 3,944,000   
 

Table 29: Investment Cost for Project implementation 
D. Project Implementation Cost 

Salary, Wages and Benefits 

  Title No Monthly salary birr Annual Salary(birr) Remark 
1 Project Manager/Coordinator 1 40,000 360,000 9 month 
2 Public Relations Manager and Facilitator 1 30,000 270,000 9 month 
3 Electrical Engineer 1 20,000 140,000 7 month 
4 Mechanical Engineer 1 20,000 140,000 7 month 
5 Chemical Engineer 1 20,000 140,000 7 month 
6 Secretary 1 4,000 36,000 9 month 
7 Cashier 1 3,000 27,000 9 month 
8 Finance and Administration Manager 1 15,000 135,000 9 month 
9 Translator and facilitator 1 2,000 18,000 9 month 

10 Pension 1   113,940 9% assumed 
11 Medical expenses 1   12,660 1% assumed 
13 Hardship (Kolla) allowance     371,200 40% assumed 

Stationary, telephone and fuel for a car    Item     Annual cost(birr)   
11 Stationary     5,000   
12 Fuel     38,880 80km each day 
13 Telephone costs     17,100   
  Grand Total D     1,824,780   
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Table 30: Consultancy Cost 
S.No E. Consultancy and Study Costs 

  Service Cost (Birr) 
1 Feasibility Study  200,000 

2 Environmental and Social Impact 
Assesment Study  250,000 

  Grand Total E 450,000 
 

Table 31: Freight Cost 
  F. Freight and Inland Transportation Cost 

  Service Cost(birr) 
  Freight Cost 2,101,476 
  Inland Transport 1,000,000 
  Grand Total F 3,101,476 

 
 

7.2.2. Operational Cost Estimation 

The operational cost of the harvesting, baling and transportation operation includes costs for fuel, 

lubricants, maintenance, transport, interest costs, insurance costs. The interest cost is calculated as 

per the following assumptions and disbursement schedules. 

Table 32: Investment Cost Finance Source 
Investment Cost finance source 

S.No Source Amount(Birr) share 
1 Equity 47,557,659 30% 
2 Bank Loan 110,967,871 70% 
  Total 158,525,530   

 
Table 33: Load Disbursement Schedule 

Loan disbursement Schedule 
Year Disbursement Repayment Debt Balance Interest Payable 

0 110,967,871.00 0 110,967,871.00 0 
1 0 22,193,574.20 88,774,296.80 13,316,145 
2 0 22,193,574.20 66,580,722.60 10,652,916 
3 0 22,193,574.20 44,387,148.40 7,989,687 
4 0 22,193,574.20 22,193,574.20 5,326,458 
5 0 22,193,574.20 0 2,663,229 
6 0 0 0 0 
7 0 0 0 0 
8 0 0 0 0 
9 0 0 0 0 

10 0 0 0 0 
Total 110,967,871.00 110,967,871.00 0 39,948,433.56 

 



 

- 95 - 
 

The operational cost of the harvesting, baling and transportation operation ranges from 96 million birr/annum (4.57 million USD) in the first 

year of operation and decreasing down yearly and reaching 77.6 million birr/annum (3.7million USD /annum)in the 10th operational year. And 

the operational cost per ton also ranges from 2055 birr/ton (97.6USD/ton) in the first year of operation and decreasing down yearly reaching 

1161birr/ton (55.3USD/ton) in the 10th operational year. 

The detail operational cost of this plant is annexed here in (Annex 1 up to Annex 8) but the summarized annualized operational cost is repeated 

here in Table 34 below. 

 
Table 34: Summary of the Operational Cost for the whole harvesting, baling and transporting Operation 

Year 
Harvesting and 

Baling 
Operation Cost 

(Birr/annum) 

Transportati
on Cost 

(Birr/annum) 

Land lease 
Cost 

(Birr/annum) 

Manpower 
overhead 

Cost 
(Birr/annum) 

Stationary 
and 

Telephone 
costs 

(Birr/annum) 

Depreciation 
Costs 

(Birr/annum) 

Financial 
Costs 

(Birr/annum) 

Total 
Operational 

Costs 
without 

depreciation 
(Birr/annum) 

Total 
Operational 

Costs 
including 

depreciation 
(Birr/annum) 

Cost per ton 
including 
depreciation     
(Birr/ton) 

Capacity 

0 0 0 0 0 0 0 0 0 0 0 0 
1 20,431,751 23,710,650 789,750 8,586,000 16,520 29,343,080 13,316,145 66,850,817 96,193,896 2,055 70% 
2 23,350,573 27,097,886 902,571 6,868,800 18,880 23,782,869 10,652,916 68,891,627 92,674,495 1,733 80% 
3 26,269,394 30,485,122 1,015,393 7,727,400 21,240 19,334,701 7,989,687 73,508,238 92,842,936 1,543 90% 
4 29,188,216 33,872,357 1,128,214 8,586,000 23,600 15,776,166 5,326,458 78,124,849 93,901,011 1,405 100% 
5 29,188,216 33,872,357 1,128,214 8,586,000 23,600 12,929,338 2,663,229 75,461,621 88,390,954 1,322 100% 
6 29,188,216 33,872,357 1,128,214 8,586,000 23,600 10,651,875 0 72,798,393 83,450,262 1,248 100% 
7 29,188,216 33,872,357 1,128,214 8,586,000 23,600 8,829,905 0 72,798,394 81,628,293 1,221 100% 
8 29,188,216 33,872,357 1,128,214 8,586,000 23,600 7,372,329 0 72,798,395 80,170,717 1,199 100% 
9 29,188,216 33,872,357 1,128,214 8,586,000 23,600 5,040,208 0 72,798,396 77,838,595 1,164 100% 

10 29,188,216 33,872,357 1,128,214 8,586,000 23,600 4,806,996 0 72,798,397 77,605,383 1,161 100% 
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7.2.3.  Cost Benefit analysis, Payback period, NPV and IRR 

Cost Benefit Analysis and Payback Period 

The cost of imported coal at Diredawa Cement factory gate (which includes purchasing price, 

freight and inland transport, loading and unloading) is on average around 4073 birr per 

ton(193.9USD/ton)  having calorific value of 6000kcal/kg; And considering 4200kcal/kg calorific 

value of prosopis juliflora biomass and gate price of this biomass ranging from  2055 birr/ton (97.6 

USD/ton) in the first year and decreasing yearly reaching 1161birr/ton (55.3USD/ton) in the 10th 

operational year, the cost benefit analysis is shown in the following tables (Table 35 and Table 36). 

 
Table 35: Cost Benefit Analysis of Replacing 40% of South African Coal by prosopis juliflora Biomass 

Cost Benefit Analysis of Replacing 40% of South African coal by Prosopis Juliflora 

S.No Type of fuel Avg.calorific 
Value kcal/kg 

Cost of fuel   
(Birr/ Ton)  

Annual Fuel 
requirement 
for 100% 
replacement 
(tons) 

Annual Fuel 
requirement 
for 40% 
replacement 
(tons) 

Cost for 40% 
(birr/annum) 

1 South African Coal 6000 4073.95 117,000 46,800 190,660,860 
2 Local Coal 3800 2403.95 184,737 73,895 177,639,253 

3 
Prosopis Juliflora 
biomass 4200 

refer to the 
annual cost 167,143 66,857 

refer to the 
annual cost 

 
Table 36: Cost Benefit Analysis of Replacing 40% South African Coal by Prosopis Juliflora Biomass 
(Annualized Comparison) 

Year 
Annual South 
African Coal 

Cost 
(Birr/annum) 

Annual 
Prosopis 
Juliflora 

Biomass Cost 
(Birr/annum) 

Annual 
Saving 

(Birr/annum) 
Depreciation 
(Birr/annum) 

Income tax 
(Birr/Annum)  

Net Cash 
Flow (Birr) 

Accumulated 
Cash Flow 

(Birr) 
Capacity 

0 0 0 0 0 0 (158,525,530) 0  0 
1 133,462,602 96,193,896 37,268,706 29,343,080 (11,180,612) 55,431,175  55,431,175  70% 
2 152,528,688 92,674,495 59,854,193 23,782,869 (17,956,258) 52,544,644  107,975,818  80% 
3 171,594,774 92,842,936 78,751,838 19,334,701 (23,625,551) 67,014,889  174,990,707  90% 
4 190,660,860 93,901,011 96,759,849 15,776,166 (29,027,955) 83,508,060  258,498,767  100% 
5 190,660,860 88,390,954 102,269,906 12,929,338 (30,680,972) 84,518,272  343,017,039  100% 
6 190,660,860 83,450,262 107,210,598 10,651,875 (32,163,179) 85,699,294  428,716,333  100% 
7 190,660,860 81,628,293 109,032,567 8,829,905 (32,709,770) 85,152,703  513,869,035  100% 
8 190,660,860 80,170,717 110,490,143 7,372,329 (33,147,043) 84,715,430  598,584,465  100% 
9 190,660,860 77,838,595 112,822,265 5,040,208 (33,846,679) 84,015,793  682,600,258  100% 

10 190,660,860 77,605,383 113,055,477 4,806,996 (33,916,643) 83,945,830  766,546,088  100% 
  

  
    

  
  

   Payback Period 
   2.75 Years   
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From the above tables, we can see that the annual saving ranges from 37 million birr (1.76 million 

USD) in year 1 and increasing annually and reaching 113 million birr (5.38 million USD) in the 

tenth year of operation, the initial investment value 158.5 million birr (7.55 million USD) lies in the 

accumulated cash flow between 107.97 million birr(5.14million USD) of year 2 and 175 million 

birr(8.33million USD) of year 3 which when extrapolated will be around 2.75 years. Therefore we 

can say that this project shall return its investment within 2.75 years which can be regarded as a 

very short payback time. 

 

Internal rate of Return and Net present Value 

The internal rate of return (IRR) is the annualized effective compounded return rate that can be 

earned on the invested capital, i.e., the yield on the investment. Or in other words, the internal rate 

of return for an investment is the discount rate that makes the net present value of the investment's 

income stream total to zero. It is an indicator of the efficiency or quality of an investment.  

A project is a good investment proposition if its IRR is greater than the rate of return that could be 

earned by alternate investments or putting the money in a bank account. Accordingly, the IRR of 

this project is computed to be 40 % indicating the viability of the project.                  

(This is clearly shown in Table 37 below).  

Net present value (NPV) is defined as the total present (discounted) value of a time series of cash 

flows. NPV aggregates cash flows that occur during different periods of time during the life of a 

project in to a common measuring unit i.e. present value. It is a standard method for using the time 

value of money to appraise long-term projects.   

NPV is an indicator of how much value an investment or project adds to the capital invested. In 

principle a project is accepted if the NPV is non-negative.  

Accordingly, the net present value of the project at 15% discount rate is found to be Birr 204,625,197 

(9.73 milllion USD) which is acceptable.  (This is clearly shown in Table 37 below). 
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Table 37: Internal Rate of Return (IRR) and Net Present Value (NPV) Calculation 
      Discounting rate 15% 

Year Capacity Net Cash Flow(Birr) Discounting Factor 
(@15%)  

Discounted Cash 
Flow (Birr) 

0 0% (158,525,530) 1.0000 (158,525,530) 
1 70% 55,431,175  0.8696 48,201,021  
2 80% 52,544,644  0.7561 39,731,300  
3 90% 67,014,889  0.6575 44,063,377  
4 100% 83,508,060  0.5718 47,746,004  
5 100% 84,518,272  0.4972 42,020,519  
6 100% 85,699,294  0.4323 37,050,170  
7 100% 85,152,703  0.3759 32,012,055  
8 100% 84,715,430  0.3269 27,693,624  
9 100% 84,015,793  0.2843 23,882,532  

10 100% 83,945,830  0.2472 20,750,125  
  

   
  

  
  

NPV 204,625,197  
      IRR 40% 

 
7.2.4. Sensitivity Analysis  

A sensitivity analysis on selected cost components has been further conducted to test the strength 

and viability of the project. In view of this, extreme conditions like cost escalation on investment 

and operation cost due to various factors have been therefore examined. Accordingly, the sensitivity 

of the project towards 20% operational cost escalation shows that the project is still viable having 

payback period of 3.03 years, NPV of 157 million birr (7.47million USD) and IRR of 35%. And 

its sensitivity towards an increment in 20% investment cost also shows that the payback period shall 

increase to 2.93 years and IRR and NPV shall decrease to 36% and 188 million birr (8.95 million 

USD) respectively and still viable. Moreover the project when tested with both investment and 

Operational cost escalation at the same time by 20% has resulted in Payback period of 3.48 years, 

NPV of 125 million birr (5.95million USD) and IRR of 29%). The above sensitivity analysis is 

summarized in the table below.  

Table 38: Financial results and sensitivity analysis summary (Imported coal vs PJ biomass) 

  

Project's     
financial Result 

20% escalation in 
Operational cost 

20% escalation in 
Investment cost 

20% escalation in 
both Operation and 
Investment costs 

Payback (years) 2.75 3.03 2.93 3.48 
NPV (Birr) 204,625,197  156,918,148  187,748,847  125,213,042  
IRR 40% 35% 36% 29% 
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Revenue from CDM (Clean Development Mechanism) 

Cement companies like MCF can reduce CO2 emission by partially or fully replacing the fossil 

fuels by alternative fuels with relatively very low CO2 emitters (like MBM, RDF) and zero CO2 

emitters (Biomass fuels)(See Table 38).  The reduction in CO2 emissions can enable them to get 

revenue from CDM (Clean Development Mechanism) although the process is lengthy and tiresome. 

 
Table 38: Emissions of commonly used and Alternative fuels in the cement industry (Tokheim, 2007) 

Fuel Fossil 
Fraction 

Net Emission factor 
(tCO2/t Fuel) 

Coal 100% 2.8 
Petcoke 100% 3.1 
Waste Oil 100% 2.5 
Plastic 100% 2.8 
Solid  hazardous Waste 100% 1.1 
Liquid hazardous waste 100% 1.2 
Refuse Derived Fuels (RDF) 10% 0.1 
CCA waste Wood 0% 0 
Meat and Bone meal(MBM) 0% 0 
Biomass Derived Fuels (BDF) 0% 0 

 

The CO2 emission factor for Coal is 2.8 
coal

CO

t
t 2 and that of Biomass Derived Fuels is 0 

BDF

CO

t
t 2  . 

The estimated CO2 emission reduction would then be = 2.8
petcock

CO

t
t 2 *46,800

year
ttCoal =131,040

year
tCO2  

 

Revenue from CDM (Clean Development Mechanism) at the rate of 14
2COt

USD  will be equal to 

14
2COt

USD *131,040
year
tCO2 = 1,834,560

year
USD  = 38,525,760

year
birr  = 38.5 million birr per year 

 

However, as the process of getting CDM is tedious and laborious, the revenue cannot be guaranteed 

and hence not considered in the financial analysis.   
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Chapter 8 : Conclusions and Recommendations 
7.3. Conclusions 

Based on the research, the following major conclusions are made in four categories. 

7.3.1. Technical  
 All the selected alternative fuels (MBM, RDF and BDF) do fulfill the minimum lower 

heating value requirement which is 14 MJ/kg set by the most experienced cement 

industries using alternative fuels (such as Lafarge).  

 In comparison to fossil fuels, the real combustion gas released via preheater is higher 

while burning solid alternative fuels. Hence generally speaking, ID fan (Induced draft 

fan) capacity has to be increased a little bit. But as is observed in MCF’s biomass trial 

operation, it is enough to only increase the ID fan speed while keeping the damper 

opening at 100%. 

 From all the alternative fuels discussed, Biomass Derived Fuels (BDF) in general and 

Prosopis Juliflora in particular is selected for MCF pyroprocessing because of 

availability in enough quantity, sustainability, physical and chemical properties. In order 

to substitute the existing south African coal by prosopis juliflora biomass in relatively 

higher substitution rate, the biomass need to be harvested, partly shredded, baled, 

transported from the biomass site and then further shredded, buffered, conveyed, dosed 

and fed on a separate feeding system. 

 Among different harvesting mechanisms (fully manual, semi-manual, semi-mechanized, 

fully mechanized), the Fully Mechanized method of harvesting is selected to be the best 

due to its higher productivity, lower operation cost, suitability for mass operation and 

due to the thorny nature of the biomass which makes the harvesting job very difficult. 

7.3.2. Economic  
While switching 40% of fossil fuels to alternative solid fuels (like prosopis juliflora biomass), the 

following economic benefits are expected to be gained: 

 Annual savings on average of 76 million birr (3.6milion USD) to the company. 

 Foreign currency amounting to 9 million USD is saved per annum while replacing 40% 

of imported coal as there is high foreign currency deficiency in the country. 

 For a landlocked country like Ethiopia where global energy market is volatile, using 

solid alternative fuels from local sources do play a great role in energy security. 
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 Job opportunity would be created for different local individuals, in micro and small 

enterprises and companies involved in alternative solid fuel preparation activities. 

 Business opportunity is created to different transport companies. 

 The livelihood and economy of the Afar nomad community is expected to be improved 

as they will get prosopis cleared areas which can be used for economic value permanent 

plantation (Banana, Papaya, etc) or as grazing land to their animals or agricultural land. 

7.3.3. Environmental  
 

 Alternative solid fuels reduce the use of fossil fuels which are non renewable energy 

resources 

 Alternative solid fuels will have big contributions towards lowering emissions of green-

house gases like CO2, methane, etc. 

 In the case of BDF (Biomass Derived Fuel), Messebo can reduce around 130,040 

tons of CO2 annually while replacing 40% of the fossil fuel by BDF. 

 In the case of RDF (Refuse Derived Fuel), emission of CO2 that could have been 

generated in municipal solid waste incineration or methane generation from 

landfills is avoided.  

 While using solid alternative fuels there is a maximum recovery energy rate from waste. 

All the energy is used directly in the kiln/calciner for clinker production. 

 While using solid alternative fuels there is a certain recovery rate of the non-combustible 

part of the waste that eliminates the need for disposal of slag or ash, as the inorganic part 

is incorporated into the clinker.  

7.3.4. Social 
 A long term and sound solution for the treatment of a number of wastes produced by our 

society is given while replacing 40% traditional fuels by alternative solid fuels. 

 While using RDF (sourced from municipal solid waste) for pyroprocessing, MCF is 

improving the waste management and public health. 

 The industry (MCF) can give some public and industrial services like burning hazardous 

wastes which could have negative impact on the health of the society. 

 The livelihood and economy of the Afar nomad community is expected to be improved 

as they will get prosopis cleared areas which can be used for economic value permanent 

plantation (Banana, Papaya etc) or as grazing land to their animals or agricultural land. 
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Hence, using the selected solid alternative fuels (RDF, MBM and BDF) partially in MCF 

pyroprocessing is feasible and achievable from technical, economical, environmental and social 

points of view. 
 

Utilization of prosopis juliflora biomass as an alternative fuel to partially substitute the existing 

imported coal is expected to benefit the company by cutting its energy costs, the environment by 

reducing the net CO2 emissions to the environment, the society by improving the livelihood of the 

pastoral community and creating job opportunity and the country and the government as a whole by 

easing the scarce foreign currency shortage. It is believed that helping MCF in its bid to decrease its 

production cost will keep it competitive in the fierce Ethiopian cement market where several new 

entrants are coming forward among the existing large cement manufacturers. 
 

The financial analysis results (IRR=40%, NPV= 204,625,197 birr(9.73million USD), Payback 

period =2.75 years) show that the project is viable and even under extreme conditions like increase 

in investment cost ,increase in operational cost and increase in both investment and operational cost 

at the same time, the project is strong enough and is worth investing.  

Therefore it is recommended for MCF to invest in this project as fast as possible which shall make 

the company’s financial position strong and firm. 

7.4. Recommendations 
Potential barriers and Recommendations 

The following potential barriers need to be addressed in order to properly apply solid alternative 

fuels in MCF pyroprocessing, in general. 

♦ Reliability of Supply:  Most biomass fuels are seasonal due to nature although biomass 

seems to exist in enough amount in the MCF region. The option of storing the biomass 

fuels for longer times will result in decreasing the calorific value due to loss of volatiles. 

In this case it is possible to use the other selected fuels like RDF, MBM. Even these 

resources are susceptible to some technical problems in the supply chain. Therefore, the 

reliable and sustainable solution for the MCF company will be to invest in plantation of 

some fast growing trees like jatropha around the factory. By so doing, the soil erosion 

will decrease and the environmental conditions in the area will be improved.  
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♦ Price elasticity: If the demand for biomass derived fuels increases, their prices will also 

increase. Hence, investing in fast growing trees plantation in the vicinity of MCF will be 

a plausible solution for this barrier too. 

♦ Consistency: The calorific values of solid alternative fuels from different suppliers may 

not be consistent, which could affect the combustion parameters and in turn the kiln 

operation and output. Therefore, such kinds of problems should be addressed seriously 

in coordination with the suppliers.  

♦ Cost: The high investment cost for fuel preparation and densification of biomass at the 

harvesting sites may not attract investors to be involved while using biomass for kiln 

firing is a new phenomenon, untried in the country before. The same is true for the other 

selected fuel RDF. Here the company needs to take the initiative to inspire investors to 

be involved, and thorough educational and informational programs need to be prepared.   

♦ Accessibility: The two alternative fuels MBM and RDF are sourced from the vicinity of 

the factory, within the Mekelle city. On the other hand, biomass residues are sourced 

from an extended area stretching as far as 300-587 km distances. Disruptions in the 

supply chain for the biomass fuel are quite probable to occur.  

♦ Skill barriers: There is no previous experience of using solid alternative fuels in the 

country which makes the shift difficult. But the company can share experiences with 

international cement companies such as LAFARGE in other African countries like 

Uganda who are currently using solid alternative fuels.  

♦ Scepticism: The company management and other decision makers may look with some 

degree of scepticism and disbelief on the option of using solid alternative fuels since it is 

a very innovative idea for the company and the country.  

This paper has outlined the benefits of replacing 40% of fossil fuels by alternative solid fuels in 

general and prosopis juliflora biomass in particular, which are available within 7km to 587km 

radius from the MCF production site. The replacement ratio can be increased stepwise observing 

the effect on clinker quality and operational disturbances that could lower the kiln output.  
 

High attention is required to the consistency of fuel chemistry, raw mix chemistry and the process 

operation. After a pilot test in using solid alternative fuels in the existing plant (Line-1), it can be 

scaled up to the newly commissioned and larger plant Line-2 of Messebo Cement Factory. 
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ANNEXES 
 
Annex 1: Example of a waste acceptance Decision Chart (Source: GTZ/ Holcim, 2006) 
 

 
 

HHV: Higher heating (calorific) value 
(*) Represents  CaO, SiO2, Al2O3, Fe2O3, SO3

Does the waste or method 
comply with the company's 
AFR policy? 

 
HHV of total waste  > 8 MJ/kg 
and raw materials (*) = 0% 

Ash > 50% and raw materials 
(*) in ash > 80%? 

 
Raw materials (*) > 0% and 
HHV of the rest > 8MJ/kg 

 
Resolution of a local waste 
Management problem? 

Refuse 

Accept 

Accept 

Accept 

Accept 

   Refuse 

EEnneerrggyy  RReeccoovveerryy  
  
  
  
  
  
MMaatteerriiaall  RReeccoovveerryy  
  
  
  
  
MMaatteerriiaall  aanndd  EEnneerrggyy  RReeccoovveerryy  
 

  no 

  no 

  no 

  no 

  yes 

  no 

  yes 

  yes 

  yes 

  yes WWaassttee  DDeessttrruuccttiioonn  
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Annex 2: Harvesting and Baling Operation Cost 

A. Harvesting and Baling Operation Cost 
  Machine Name Cost item lit/h lit/year birr/lit Birr/hour (birr/annum) for 

Unit Machine 
(Birr/annum) for 
Total Machine Remark Source 

1 Biomass Cutter-chipper Fuel 35 84,000 18   1,512,000 6,048,000   Supplier 
    Lubricant 0.363 871.2 38   33,105.60 132,422   Supplier 
    Maintenance cost       563.16 1,351,584.00 5,406,336   Supplier 
    Insurance cost         145,600 582,400 1% of the 

investment 
  

2 Tractor with Trailer Fuel 11.9 28,560 18   514,080 4,112,640     
    Lubricant 0.119 285.6 38   10,852.8 86,822     
    Maintenance cost         51,400.0 411,200 4% of the 

investment 
studies 

    Insurance cost         12,850.0 102,800 1% of the 
investment 

  
3 Wheel Loader(mini) Fuel 12.2 29,280.0 18   527,040 1,581,120   Supplier 
    Lubricant 0.122 292.8 38   11,126.4 33,379   Supplier 
    Maintenance cost         26,000 78,000 4% of the 

investment 
studies 

    Insurance cost         6,500 19,500 1% of the 
investment 

  
    interest costs         54,600 163,800 12% interest rate   
4 Fork lift(mini) Fuel 8 19,200.0 18   345,600.0 691,200     
    Lubricant 0.122 292.8 38   11,126.4 22,253     
    Maintenance cost         26,000 52,000 4% of the 

investment 
  

    Insurance cost         6,500 13,000 1% of the 
investment 

  
5 Baling Machine Electric+baling wire/plastic Cost           9,293,143 From suppliers   
    Maintenance cost         42,400 127,200 4% of the 

investment 
  

    Insurance cost         10,600 31,800 1% of the 
investment 

  
6 Pick up double cabin car Fuel     18   32,400.0 64,800 6 liter per day is 

assumed it will 
   

    
 

  
    Lubricant         4,000.0 8,000     
    Maintenance cost         30,000.0 60,000 4% of the 

investment 
  

    Insurance cost         7,500.0 15,000 1% of the 
investment 

  
7 Mini bus service car Fuel     18   32,400 32,400 6liter per day is 

assumed  it will 
   
   

 

  
    Lubricant         4,000 4,000     
    Maintenance cost         12,000 12,000     
    Insurance cost         3,000 3,000     
  Grand  Total-A             29,188,216     

 



 

- 108 - 
 

 
Annex 3: Transport Cost from Biomass Source to MCF 

  B. Transportation Cost(from collection Center to MCF plant site) 
    Distance(KM) Cost per ton per km Cost per annum 

(Birr/annum) Remark Source 

1 From Collection Center to 
MCF 450 1.13 33,872,357    

  Grand Total-B     33,872,357     
 
 
 

Annex 4: Land Lease Cost 

C. Land lease Cost 
  birr/hectare/annum Cost per annum (birr/annum) Source 
Land Lease Payment 300 1,128,214 afar regional gov. 
Grand Total -C   1,128,214   
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Annex 5: Manpower Overhead Cost 
D. Man power requirement and related costs 

Job Title Qty Monthly Salary 
(birr) 

Total Annual  
Salary (Birr) Remark 

Cutter-Chipper Operator 8 8,000 768,000 2 person per one machine 
Tractor-Trailor Operator 16 4,000 768,000 2 person per one machine 
Baling machine Operator 6 4,000 24,000 2 person per one machine 

Maintenance Mechanic 8 6,000 576,000 2  per each harvester and 
related machines 

Electrician 8 6,000 576,000 2  per each harvester and 
related machines 

Maintenance Engineer 4 20,000 960,000 1 per each harvester and 
related machines 

Wheel loader Operator 6 4,000 288,000 2 persons per one machine 
Forklift Operator 4 4,000 192,000 2 persons per one machine 

Guard 12 1,500 216,000 at harvesting, collection/baling 
and train bale storage 

 Harvesting Site Coordinators 4 5,000 240,000 1 for each harvester and 
related machines 

Collection and baling center coordinators 2 4,000 96,000 2 persons per site 
Biomass Harvesting ,Baling and logistics 
Manager 1 25,000 300,000 1 person for all operation 

Secretary 1 4000 48,000 1 person for all operation 
Finance and Administration manager 1 15,000 180,000 1 person for all operation 
Cashier 1 3,000 36,000 1 person for all operation 
Accountant 1 5,000 60,000   
Fuel Man 2 3,000 72,000 2 for the whole operation 

Store man 1 3,000 36,000 1 person for the whole 
operation 

Translator 1 2,000 24,000 1 person for the whole 
operation 

Car driver 3 3,000 108,000 1 person for each car 
Pension     501,120 9% is assumed 
Medical expenses     55,680 1% is assumed 
Safety clothes ,shoes and sun protecting hats     234,000   
Hardship (Kolla) allowance     2,227,200 40% is assumed 

Grand Total -D 90   8,586,000   



 

- 110 - 
 

 
Annex 6: Stationary and Telephone Costs 

E. Stationery and Telephone costs 
Item birr/annum 

Stationery items 8,000 
Telephone costs 15,600 
Grand Total E 23,600 

 
 

Annex 7: Depreciation Cost 
F.Depreciation Cost 

          

Description 

Depreciat
ion      

Rate Cost(Birr) Year 1 year2 Year 3 Year 4 Year 5 Year 6 Year 7 Year 8 Year 9 Year 10 
Building and Civil works 5% 8,200,000 410,000  410,000  410,000  410,000  410,000  410,000  410,000  410,000  410,000  410,000  

Plant and Machinery 20% 56,330,000 11,266,000  9,012,800 7,210,240 5,768,192 4,614,554 3,691,643 2,953,314 2,362,651 1,417,591 1,323,085 
Vehicles and harvesting 
machineries 20% 82,530,274 16,506,055  13,204,844 10,563,875 8,451,100 6,760,880 5,408,704 4,326,963 3,461,571 2,076,942 1,938,480 
Office Furniture and 
Equipments 20% 145,000 29,000  23,200 18,560 14,848 11,878 9,503 7,602 6,082 3,649 3,406 

Pre-production expenses 10% 11,320,256 1,132,026  1,132,026  1,132,026  1,132,026  1,132,026  1,132,026  1,132,026  1,132,026  1,132,026  1,132,026  

Grand Total F   158,525,530 29,343,080  23,782,869 19,334,701 15,776,166 12,929,338 10,651,875 8,829,905 7,372,329 5,040,208 4,806,996 
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Annex 8: Financial Costs 

Year G. Financial interest 
Costs (Birr/annum) 

0 0 
1 13,316,145 
2 10,652,916 
3 7,989,687 
4 5,326,458 
5 2,663,229 
6 0 
7 0 
8 0 
9 0 

10 0 
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Annex 9: Summarized Operational Cost 

Year 
Harvesting and 

Baling 
Operation Cost 

(Birr/annum) 

Transportati
on Cost 

(Birr/annum) 

Land lease 
Cost 

(Birr/annum) 

Manpower 
overhead 

Cost 
(Birr/annum) 

Stationary 
and 

Telephone 
costs 

(Birr/annum) 

Depreciation 
Costs 

(Birr/annum) 

Financial 
Costs 

(Birr/annum) 

Total 
Operational 

Costs 
without 

depreciation 
(Birr/annum) 

Total 
Operational 

Costs 
including 

depreciation 
(Birr/annum) 

Cost per ton 
including 
depreciation     
(Birr/ton) 

Capacity 

0 0 0 0 0 0 0 0 0 0 0 0 
1 20,431,751 23,710,650 789,750 8,586,000 16,520 29,343,080 13,316,145 66,850,817 96,193,896 2,055 70% 
2 23,350,573 27,097,886 902,571 6,868,800 18,880 23,782,869 10,652,916 68,891,627 92,674,495 1,733 80% 
3 26,269,394 30,485,122 1,015,393 7,727,400 21,240 19,334,701 7,989,687 73,508,238 92,842,936 1,543 90% 
4 29,188,216 33,872,357 1,128,214 8,586,000 23,600 15,776,166 5,326,458 78,124,849 93,901,011 1,405 100% 
5 29,188,216 33,872,357 1,128,214 8,586,000 23,600 12,929,338 2,663,229 75,461,621 88,390,954 1,322 100% 
6 29,188,216 33,872,357 1,128,214 8,586,000 23,600 10,651,875 0 72,798,393 83,450,262 1,248 100% 
7 29,188,216 33,872,357 1,128,214 8,586,000 23,600 8,829,905 0 72,798,394 81,628,293 1,221 100% 
8 29,188,216 33,872,357 1,128,214 8,586,000 23,600 7,372,329 0 72,798,395 80,170,717 1,199 100% 
9 29,188,216 33,872,357 1,128,214 8,586,000 23,600 5,040,208 0 72,798,396 77,838,595 1,164 100% 

10 29,188,216 33,872,357 1,128,214 8,586,000 23,600 4,806,996 0 72,798,397 77,605,383 1,161 100% 
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